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ABSTRACT

The magnetic component of the electromagnetic field l,enerated by several nuclear detonations
during Operation PlumbbolJ was measured at distances ranging frum 650 lu 14,400 fed h'Ulll

ground zero. The output from low-Impedance, shielded-loop antennas was amplified, in some
cases Integrated, and then recorded on magnetic tape by specially designed, ruggedized, and
well-shielded tape recorders.

Osclllographk representations obtained from the tapes upon Dlayback '.!!cludc records of
field intensity versus time and the time derivative of field intensity versus time. It was deter­
mined that the major component of the field Is in the azimuthal direction H.p, and that relatively
strong verticai and radial fields also exist. Initially sharply rising fields, lasting no longer
than 100 msec are followed by longer persistence slgmtla with rise times of millisecond order.
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FOREWOIID

This report presents the finai results of one of the 46 projects comprising the mlHtary -effect
programs of Operation Phlmhhnh, which inciuded 24 test detonations at the Nevadl' Test Site
in 1957.

For overall Plumbbob mllltary-effects information, the reader is referred to the "Summary
Report of the Director, DOD Test Group (Programs 1--9), .. ITR-1445, which includes: (1) a
description of each detonation, including yield, zero-point location and environment, type of
device, ambient atmospheric conditions, etc.; (2) a discussion of project results; (3) a summary
of the objectives and results of each project; and (4) a listing of project reports for the mllltary­
effect program.

PREFACE

Messrs. J. D. Rosenberg and K. D. Zastrow gUided the majority of the tape recorder electronics
designs. Mr. R. Puttcamp designed the preamplifiers and integrators and was responsible for
most of the osclUograms in the field. Mr. A. Hill designed and built the playback recorder and
also prepared the oscillograms used in this report. Mr. B. Lackey was responsibie for logis­
tics and direction of the field installation and recovery crew. Mr. A. G. McNish, then Consuit­
ant to the Director, Nationai Bureau of standards, performed most of the calcuiations used in
Section 1.3, as well as served as consultant to the project. To all these, who contributed
freeiy of their time, the authors express their appreciation.
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Chapter 1

INTRODUCTION

1.1 OBJECTIVE

The objective was to provIde a record of the magnetLc-field component of the electromagnetLc
field from a nuclear detonation as a function of pme and distance, including the near-field
region. This specifically includes distances sufficiently removed from the detonatLon point to
assure Httlp or no physical damage tu an antitank mine and fuze, and the maximum distance at
which mine clearance (by sympathetic fuze function) Is possible by a nuclear weapon.

1.2 BACKGHOUND

1.2.1 Army Requirements. The Mine Fuze Branch of the Diamond Ordnance Fuze Labora­
tories (DOFL) is engaged in researeh and development of Influence mine fuzes for use with antL­
tank mines. Influence mine fuzes use a variety of signals to sense the presence of their In­
tended target. Use Is sometimes made of combinations of such signals and of the specific
sequences In whtch they occur for fuze functLon. Some of the signals emanate from the target
itself, others are target-r-:oduced changes In ambient conditions, and still others originate
with the fuze and are reflected by the target; all are detected by suitable sensing devices within
the fuze. Vibration of the ground, changes In the ambient magnetic field, and reflected nuclear
radiation (from app::opriate sources associated with the mine fuze) are examples of such
Influences.

A particular Influence mine fuze presently in the production engineering stage uses a com­
bination of seismic and magnetic influences. It Is necessary to ascertain whether the varlatLcns
In the magnetLc field from an atomic detonation are of such nature as to (1) cause the mine fuze
to detonate or (2) alter the fuze's sensing mechanism so as to change Its sensitivity (this could
be an increaRe as well as a decrease). It also appears that data on the magnitude and nature
of the electromagnetic fields In the close Vicinity of nuclear detonatLons will be of value to the
designers of (1) more elaborate ground Installations containing actLve electronic instrumenta­
tion that has to survive close to, during, and immediately after the detonatLon, as well as
(2) electronic gUidance and fUZing circuits and missiles.

1.2.2 Re''''lts from Previous Projects. Electromagnetic measurements have been conducted
during previous operations, principally by Los Alamos Scientific Laboratory (LASL), (Refer­
ences 1 and 2); AFOAT-l, (Heference 3); and Signal Corps Engineering Laboratol'les (SCEL),
(Heference 4). Values of the electric field component at distances upward of 20 km wel'e ob­
tained. LASL was concerned mainly with the first few microseconds of the signal for diagnos­
tic purposes, AFOAT-l and SCEL with apprOXimately the first 100 /JSec, mostly at much
greater distances. Reference 2 and discussions with its authors Indicate the probable existence
of signals with periods up to 2 seconds.
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1.3 THEORY

The prumpt signal Is generally considered to be due tu Cumpton electrons produced by
gamma rays emitted during Ihe detunation (References 5 and 6). When conditions are such
that asymmetries are prodU('od In the expanding sphere of Comptun electrons and associated
lunlzatlon electrons, an electromagnetic pulse Is pruduced. Pulses predicted by theories
based on such considerations, however, have duratluns tuo short to agree with observation;
the longer times actually observed are held by some to be due to electron attachment to neutral
O2 molecules (Reference 6).

The extremely low frequency stgnals, as repurted In Reference 2, are still puurly under­
stood. Many Investigators feel this phenomenon Is associated with the expansion of the ball of
Ionized gaS In the earth's magnetic field, but as yet no reports have been published on this
subject.

All preViously recorded data Indicates that tim source of the electrumagnetlc signal may, at
least at large distances from ground zero, be represented by a vertical electric dipole. Even
for distances of a few thousand yardS, experiments on Induced ground currents (Reference 7)
support this conclusion, except that this evidence does not preclude the existence of higher­
order multipole sources of lower energy In addition to the dipole source. Calculations of pre­
dicted field strengths wet'e, therefore, made on the basis of a vertical-dipole source with the
distinct understanding that the measurements would Include attempts to establish or disprove
the existence uf field components that do nut arise frum such a source.

1.3.1 Courdlnates and Dipole Moment. The spherical courdlnates used are radial 1', polar
angle 0, and azimuthal cp. The plane 0 ~ 11/2 Is taken as an Interface between a perfectly
conducting medium (I '> 11/2 and an Insulating medium of dielectric cunstant € 0 and permeabll­
ity J1Q (0< 11/2), If there Is a displacement uf chat'ge q along the vertical axis a distance l/2,
there will be a corresponding displacement of charge from the Interface equivalent to displace­
ment of charge -q to a distance uf -l/2. Thus, the displaced charge and its Image may be
regarded as a vertical electric dipole of moment P =ql \\hose strength Is measured In coulomb
meters.

1.3.2 Fourier Representation. If the displacement of charge takes place In a finite time,
the value of P - f(t) Is given by a Fourier Integral:

00 Iwt
Pt = L. q (w) e dw (1.1)

However, If the duration of the displacement Is SUfficiently short so that the value,; of l' and
of Its time derivatives are Inslgnlflcantly different from zero at some time aIter the Inltlation
of the displacement, the values of Pt may be represented to any reqUired degree uf precision
over this Interval by a Fuurler series. This Is equivalent to assuming that the charge displace­
ment Is repeated at Intervals of r, but this does not Impair the accuracy of the representation,
prOVided frequencies lying between zero and 1/ r are not considered. In this case the electric
dipole moment will be given by

II
Pt = ~[Allcos 21111 (t/T) + BIZ sin 2nll(tlr)]

o

Where: Azl' Bzz magnitudes of Fourier CUmpOl\ents, coulomb meters

time frum arbitrary origin, seconds

r ~ time Interval uver which the representation Is to be given, seconds.

As stated befure, r Is selected to be sufficiently long that Pt and its time derivatives are
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essentially zero at its bounds. If the charge dispiacement begins sharply, it is convenieni to
set I = 0 at this time, or just before it.

This finite-series reprmlOntatlon can be made to approach the Integral as closely as desired
by extension of the intervai or and the increasing of II. In the finite representation, ~I and ~I

are approximations to the contributions to PI due to the spectral contributions lying between
(11 - Y2)/ T and (II + %)/T in the integrai repreuontation. As T and II avproach infinity, An and
~I approach the spectral density at ihe frequency f = 11/T in the even and odd components of the
integrai representation.

1.3.3 Electric Fieid. The 0 comlxment of the electric field at the interface, a distance I'

from the origin due to tho charge dispiacement is given by:

E,~" 1_ E [A (cos 2nlll*
471f II 1'3

27111 sin 211nl* _ 471 211 2cos 271111* )

Tcr2 rc2r

+8 (~n2nlll*
II 1'1

Where: 1* = I/T - r/Tc

2r.11 cos 271111' _ 471 2,12sin 271111* )]

Tcr2 or2c2r
(1.3)

The equation shows that each frequency component in the charge dispiacement is represented
by a corresponding component in the electric-fleld changes. The contributions to the fleid
involving 1/1'3 (the quasi-static term) are of the same reiative strengths, term for term, that
they are in the source function. The contributions invoiving 1/1'2 (the induction term) arc reia­
tive1y enhanced by a factor of II with respect to their relative strengths In the source, while
the contributions involving 1/1' (the radiation term) are relatively enhanced by a factor of 1/ 2•

The concern here is with observations of the eiectric field at distances where the contribu­
tions involving I./r3 and 1/1'2 are important for the lower frequency terms; hence, attention
cannot be confined to the radiation fleld.

1.3.4 Relations between Electric and Magnetic Fields. The notations in the preceding
section, which were designed to facilitate numerical caiculation, are cumbersome for theoreti­
cal discussion. In examining the relatlonship between the electric and magnetic flelds, it can
be assumed that the source is a simple harmonic, and the equations for the electric and mag­
netic flelds at the interface can be written in the form:

Furthermorl'J:

1 (1 iw W
2

) -iwl*EO = -- - + - - - /ple
471 € 0 1'3 cr2 c2r

dB· J1;) (W
2

iW
3

) -iwl*
~=- - + - IPle
dl 471 1'2 cr

(1.4)

(1.5)

(1.6)

At very great distances, only the terms in 1/1' are important, and the impedance reduces to
the well-known quantity 12071 ohms, i. c., the electric field in volts per meter has approximately
377 times the numerical vaiue of the magnetic field in ampere turns per meter. This, however,
does not hold true for regions where terms in 1/1'3 and 1/1'2 are important. Taking the ratio
of EO to H4>' the following complex value is obtained:
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(1.7)i 1 )
8111 r ' 211r
--:or- +->. >.

~ _fTi1( 1
H", - V~ ---:>."2-

'I' 1 + 7"T"2
411 r

Where: >. = wave length, meters.
For the radiation field region where terms in l/r predominate in Equations 1.4 and 1.5

(r »>'), Equation 1.7 reduces to .J1Jc!€o or 12011, and E and H are ill phase. While for the
near field here under conslderation (r« ~.):

!B = -IV Ilil ~ (1.8)
HtI> f 0 211r

that i8, the fields are in phase quadrature and the numerical value of the electric field in volts
per meter il3 much larger than that of the magnetic field in ampere turns per meter. For
intermediate ranges, this ratio then decreases and has a more complex phase relationship.

1.3.5 Calculations. A number of electromagnetic pulses have been accurately observed at
known dista!lCeS from tho charge displacements giving rise to them. Since the source was ap­
proximately 20 km from the point of observation and sln~e there were Important contributions
to the pulses In the frequency range below a few kilocycles, the quasi-static and Induction
terms were both important. Shot 7 of Operation Upshot-Knothole was selected as having a
typical pulse height and frequency spectrum. The predominant frequency at 17.8 km was es­
timated to be 14 kc, and the approximate total pulse duration 54 jJBec (Reference 3, Table 4.1).
The dipole moment contributions to a number of frequencies (per kilocycle band width) were
caiculated, and the electric magnetic fields due to these dipole moments were synthesized by
the use of the equations In Sections 1.3.2 and 1.3.3.

An assumption had to be made regarding the total length I of the dipole moment; this was
rather arbitrarily set at 1 km. The electric moment was calculated to be 6.4 x 10

'
coulomb

meters, and Ihe following values of field strengths were then derived at a distance of 100 meters
from ground zero;

Hqi = 515 ampere turns per meter

EO = 5.78 X lOf volts/meter

dH</Jdt = 4.78 x lOT ampere turns per meter per second

The predominant frequency In the dipole current, I. e., at ground zero, was calculated to
lie between 5 and 6 kc, showing that, as expected, lower frequency components have a relative­
ly larger Importance In the near-field region. Figure 1.1 shows the reconstructed pulse shape
of the magnetic field as expected for a similar shot In the region of Interest, and Figure 1.2
shows Its derivative, which represents the voltage Induced In a loop antenna.

1.3.6 Effect of Distance on Spectrum. The shifting of the Fourier spectrum of the pulse
toward lower frequencies as the point of measurement is moved from the far (radiation) toward
the near (Induction and quasi-static field) regions can be shown by the follOWing analysis.

Assume an Ideal oscUlating electric dipole in free space and let It radiate a pulse composed
of many frequencies whose currents are In the same phase at zero time and dh;tance. Consider
two frequency components of the pulse, Wt and w2 (where W =211/), with corresponding trans­
verse electric fields E t and E2, and dipole moments M t and M2• The problem Is to predict
how the amplitudes of the electric fields associated with the two frequencies vary with radial
Jlstance from the axis of lhe dipole.

In general, the transverse electric field component Is given by:
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(1.9)

Where:

MRS i(wt - Kr) [1 j
EO =41Ti; e sin 0 - Kr + (KI')2

K ~ 21T/>" = propagation constant
M = dipole moment
l' = radial distance from the dipole

Let the two frequencies be related through the propagation constants by some ratio, K I =AK2,
where A is greater than 1. Let the dipole moments be in some other ratio, MI = 8M2, where
n may assume anv value. Usin~ F...uation 1.9, the ratio of the magnitudes of the two fields,
IE I/E21, for equal 0 at any distance 1', can ue derived in terms of the constants A, B, and the
distance r.

Taking the absolute value of Et/E2 and substituting for KI and M I , the equation for the ratio
of the fields at any distance I' is

1/2

IEll = D [A(K2r)( - A
2
(K2r)2 + 1] (1.10)

E2 (K2r)( - (K2rj2 + 1

In the vicinity of I' ~ 0, the ratio IE I /E21 is equal to B (the ratio of the dipole moments).
At relative large distances (on the order of about a wavelength of the low-frequency component),
the ratio is approximately equal to BA'.

By differentiating IEt/E21with respect to r, and setting the derivative equal to zero,

(1.11)

Hence, for A > I, the extrema occur at I' = 0 (where IEt/Ezl B) and a~ t.he zeros of
[A2(K2r)( - 2(A2 + 1) (K2r)2 + IJ. ThUS, a curve of EI/E2 versus rK2 contains both a maximum
and a minimum, which occur when

(1.12)

(1.13)

From Equation 1.10, when A ~ 1 (or WI = W2), there are no maxima or minima, anci the
curve is a straight line. As A increases indefinitely, the position of the maximum approaches
rK2 '" "2 , or l' = "2 >..J21T. Figure 1.3 shows the generai shape of the curve for IEtlE21versus
rK2 If B is held constant and A is varied.

On some of these curves a point may occur where lEt! = IE21 (depending on the values of A
and B). This point occurs at a distance

- 0

[
(1-. A2B2) i 1(4B2 + 4B'A() - (3A(B4 + 2A2B2 + 3)]

rK =
2 2(1- B2A()

For IE:! = IE,I the following condition must be satisfied:

- 3A(n( + (4 + 4A(- 2A2)B2- 3:,0

From this condition it is found (by letting A - 00) that, If MI I" lareel' than 213/3 M2, the
two fields can never be equal, no maiter what value A is given.

Thus:
(1) Unless the Irequenci~ls are equal, the curve of IE I/E21 versus rK2 will always have a

maximum and a minimum point whose positions depend only on the ratio of the frequencies.
(2) If M j is greater than (2/3) ff M2, then the field associated with the higher frequency

will always be greater than that of the lower frequency. If MI is less than M2, the amplitude of
the higher frequency field will be less than the amplitude d the lower frequency field at short
distances. This is evident from the curve for IEt/E21versus rK2•

(3) A low-frequency component that contributes ,'elatively little to the radiation field cannot
be ignored in the near field.
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Chapter 2

PROCEDURE

2.1 RECORDING EQUIPMENT

From the calculations of the cxpected magnetic field intensity, it was estimated that the
values of interest at the closest-in station (Station 1) would be somewhat between 1 and 20 oer­
steds. Five recorder stations were to be located at increasing distances from ground zero to
a maximum distance of 16 times (Station 5) the closest-in station distance from ground zero.
Assuming a peak Signal of 10 oersteds at Station 1 and the worst possible predicted degradation
of Signal as the third power of distance, this would require a sensitivity of about 2.5 millioer­
steds with attenuators (with sufficiently variable steps) to a maximum of 72 decibels. The ac­
tual design sensitivity of the instrumentation that could be reached without an excessive require­
ment on power, noise, etc., was 10 mlllioersteds full-scale at maximum gain with a dynamic
range of about 30 decibels. If the peak signal strength were 10 oersteds at about 5 kc at Station
1, this desIgn would make it possibie to record the same l'ignal level at all stations by setting
the gain to the maximum at Station 5 and introducing sufficient attenuation to record full scaie
at Station 1.

The expected slgnlll had strong frequency components in the 1- to 30-kc region for most
weapons. Occasionally, fairly strong components hllve been noted up to 50 kc, and rarely has
anything C'f comparable field strength been noted above 100 kc. Since a loop antenna yields a
voltage that is the tlme derivatlve of the magnetic field, signal components should extend up to
200 kc, at most. The major requirements were, therefore, for an instrument with a large
dynamiC range, broad frequency coverage, and excciicnt shielding against direct pickup, I.e.,
other than through the antenna. These specifications were met by a self-contained, low-input
impedance, wide-band, rugged magnetic tape recorder.

The Instrument was designed to have the following characteristics:
(1) Its total recording time had to be sufficiently long to have stabilized by shot time (assum­

Ing it had been previously tUl'lled on by a timing Signal) and to allow recording through the
arrival of the blast wave. This period was dictated by an estimate that some very-low-frequency
components (below 100 cps) noted on at least two previous occasions were connected with the
shock wave.

(2) The recorder had to be completely self-powered, since power lines, signal lines, or
both, could serve as source antennas to Introduce unwanted signals into the electronics.

(3) Integrating circuitry was required to obtain the desired record of magnetic-field changes
versus time, since the voltage across a luw-lmpedance loop antenna is proportional to the time
derivative of the magnetic field. Integration can be performed before recording by suitable
electronic circuiis, or after playback by electronic or graphical means. Neither method ap­
peared entirely satisfactory alone; thus, for reliability, a dual-capability was provided for
recording both the differential signal and the integral of a loop antenna output. For an additional
freedom of choice, the integrating circuit could be bypassed to permit a straight-recording of
the antenna output.

(4) The recorder had to be capable of simultaneously recording the signals from preferably
three and at least two differently oriented antennas, since the actual spatial direction of the
magnetic field at the ciose-in distances couid only be surmised but not definitely predicted.

(5) It had to be capable of withstanding and recording through the accelcrating forces caused
by Lhe passing shock wave at the closest-In station. At this potnt the acceLeration was estimated
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not to exceed 50 g In any dlrectlon.
(6) It had to be electromagnetlcally shielded sufflclently well so that the very large electric

fleld could not bypass the antenna and become Impressed directly on any portion of the record­
ing circuitry.

(7) Since the magnitude of the expected magnetlc field was only calculated, for safety purposes
the Instrumentation had to be capable of recording full-scale values at least 10 times higher than
those expected, 1. e., up to 100 oersteds at frequencies of about 5 kc.

2.1.1 System Design. The flnal design of the instrumentation system consisted of slgnai
pickUp loops, shielded sIgnal llnes, and a shielded package containing a magnetic tape recorder,
togethe.(· wlth assoclatp.d el.ectronlcs control clrcuits ami power supplies (Figure 2.1).

The more desirable system, which would place the instrumentation at a safe distance from
the detonation, was ruled out, since the enormous electromagnetic fleld would make impossibie
the use of long signal lines.

Consequently, the system was completely seU-contained and required only two timing signais­
one at to (detonation time) minus 5 minutes to turn Oil the equipment early enough to provide
adequat" tuOc warmup and circuit stabilization, and a second signal to start the tape recorder at
to minus 60 seconds so that the recorder would be up to speed ~t to (Table 2.1). These control
signals were to be furnished by Edgerton, Germeshausen and Grier, Inc. (EG&G), which had
sole responsibility for generating and distributing the timing signals to the nuclear weapons and
all the instrumentation.

Automatic curcults disconnected the recording systems from the timing lines after the second
tlming signal and then shorted them to preclude the possibility of their serving as antennas that
would inject large signals through the packagEl shielding.

The system package requirements were dictated by the severe environment to which it would
be subjected during lts recording cycle. Since the close-in instl'umentatlon installatlon would
be virtually in the fireball of the detonatlon, mechanical and electronic design requirements
were severe. The instrumentation not Dilly had to live through the detonation and perform its
normal recording functlon but also was not to be influenced by any of the detonation forces ex­
cept those that acted on its Input transducers. Moreover, only low-cross-sectlon, short half­
life materials could be used throughout so that test personnel could recover the equipment
without undue delay. The difficulty of the problem was not mitigated by the fact Ihat the magni­
tudes of these forces were arl'lved at by calculation and extrapolation from incomplete previous
data.

To protect the system from the considerable ground shock and nuclear radiatlon near ground
zero, the recorder package was hung on springs from heavy tlmbers 12 feet underground in a
concrete-lined hole. Electrically shielded cables led upward from the recorder to the informa­
tion-sensing loops, which were mounted at, or slightly below, the surface of the ground. Sand­
bags were piled Oil top of the recorder for shielding from nuclear radiation, and a massive
wooden structure supported the weight of the sandbags.

These precautions were intended to protect the equipment from overpressure loading and
ground shock. The long !'lant distance through the earth from the point of detonation of an air­
burst provided e<Jnsiderable neutron and gamma shielding. Magnetic shielding, which attenuates
the introduction of a signal at any point except at the input loops, was an integral part of the
recorder package. The magnetic shielt!iug p!'oblolH requirementn were severe for the recorder
package, since it contained high-gain electronics In addition to sensitive magnetic recording
heads.

2.1.2 Magnetlc Shielding. The recording system was inclosed in a 0.125-inch-thick Armco
Iron box with a hermetically sealed cover, which served the function of the outer magnetic
shield and a mechanical housin~.

The degree of shielding required was based upon (1) the predicted maximum field of 106 volts/
meter, (2) a I-meter maximum length of conductor within the shield, and (3) the lowest signal
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Where;

· .

that convenUonal electl'onics can readily deiect, or 1 X 10-5 vail, 1. e., an attenuation factor of
1011 was required (negiecting reflection from the shieid surface).

The iron box was chosen for the outer magnetic shield to preclude the possibiHty of satura­
tion in the very high fieid. Tho attenuation factor of this shield section (again negiecting reflec­
tion) was calculated to be 4.5 x 10-5, which wouid reduce ihe field to a vaiue where the more
efficient Mu-metai could be used.

Two mutually insulated 0.025-inch-thick Mu-metal shields were piaced inside the outer iron
shieid.

The f,ff""tivenp-sII of thp. comhlnp.d trlpip'-IIhleid wall calcuiated hy use of the skin depth ex­
prellslon (assuming 1,000 cps to be the lowellt frequency component to be Shielded)

-x/fl
II; (or Ei) = no (or Eo) EI

fl =~ 2 meters
W/lU

/l '" Jlrel/'o

w'" 211f

211103 cps

U = conductivity (mho/m)

I1lI = 411 X 10-1 henry/meter

The following very conservative assumptions were made:

/lArmco iron

!-Mu-metai

GArmco iron

UMu-metai 2 x 108

Therefore, the composite shield composed of one thickness of 0.125-inch iron and two
thicknesses of 0.025-inch Mu-metal will attenuate a s !gnal by:

4.5 x 10.... x 6.25 X 10-6 = 2.8 X 10-10

Although this might sel"m marginal, it must be remembered that this figure is based on the
effect of the fieid on a I-meter iength of wire and neglects any fieid reduction by reflection.
In the actual recorder, all signal ieads were kept well below this value, and most of these leads
were shielded, twisted pairs a few inches long.

The two Mu-metal shields were insuiated from each other by a 0.125-inch iayer of felt
(Figure 2.1), which served to provide high resistivity between shieids, protected the relativeiy
sensitive Mu-metal from shocks that might change its magnetic characteristics, and provided
a considerabie degree of thermal shieiding.

2.1.3 Antenna System. Each antenna consisted of six turns of polyethylene-insulated No. 18
copper wire wound inside of a split toroidal copper shield. The mechanical arrangement can be
lleen in Figure 2.1. Two aniennas were oriented 90· apart so that two cOluponcnts of the electro­
magnetic field could be recorded simultaneously on two channels. One of the ioop antennas used
is shown in Figure 2.2. The lines that fed the signal from the pickup loop antennas to the in­
strumentation package required extremely effective shielding. UnUke the leads inside the
recorder package, which could be held to a few inches in length, these had to be over 3 meters
long and to carry signals of 10 volts or less through fields of perhaps 108 volts/meter to high­
gain amplifier Inputs. Such leads could, as open wires, have spurious emf's as high as 4 x 108

volts induced on them.
Two precautions calcuiated to preciude this possibility were taken:
(1) A baianced line within the tripie-shieided coaxial cable was used to feed the signal to the
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recol"der packag;e. Any Induced voltage would be introduced In each side of the line In phase
and of ellual amplitude; whereas the Input elrcult at the recorder Input required eqnal signal
voltage 180" out of phase. The system waH balanced so that In-phase rejection of Induced signal
voltages was In excess of GO deelbcls.

(2) The coaxtal shll)lds Wel"e connected only at the loop antenna (single point grounding), and
each shield was connected to lts associated shield In the recording system shield box, I. e., the
outer shield was connected to the outer Iron box, Ihe next Inner shield connected to the next
Inner Mu-metal shield, etc. The coaxial shields were composed of flexible, armored cable
simILar to electrical BX, which gave 11 rl'lallvl'ly hleh ,<;hieldlng factor. The shielded signal
lLnes were fed Inlo the electronics throug;h attenual.ors, which could be preset to any value
from 0 to 80 ctedbcLs, according to the expected field slt·ength.

2.1.4 Hecordlng :;ystem. The systmu had a basic recording capahilLty of seven analog HF
bias-type channels on 1-indl magnetic tape. -

Although It would have been desirahle to record over a continuous frequency range from
sevet'al l:ycles per second to several hundred klLocyeles, this was Impratlcable at the then­
existing state of the magnetic tape al'l.

Analog AM l"el~Ording l'an be successfully accomplished over a frequency range of about 20
to 1. Since the upper frequency limit set by head design, tape transport speed (120 in/sec),
and length of recording was about 200 kc, the lower lLmlt became about 1,000 cps. SlLghlly
lower frequencies l'an be recorded but at a cost of Increased low..f!·equency distortion, loss of
dynamic range, 01' both.

A subcarrler-type FM recording system Is quite the reverse, however, since it Is capable
of recording data from dc up to a frequency determtned by carrier frequency, deviation, allow­
able distorllons, dynamic range, and subcarrlel' bandwidth requirements. Moreover, since
the FM system utllLzes discrete carrier h'equencies, several channels may be multiplexed on
a single recording track. Therefore, two separate systems, one amplitude modulated and the
other frequency modulated, were developed. The former covered the range from 300 cps to
200 kc, the laller from somewhat slightly below 1 cps to 5 kc. The crossover point was at
3 kc, with 12 decibels per octave dropoff on both sides. Two separate carrier frequencies,
36 kc and 120 kc, were m!ed In duplex for the FM system, yielding four available channels for
the low-frequency band on two l'ecordin~ tracks (of the available seven), while four more tracks
were used In the AM system fOI' the higher h'equency band.

The rema!nlng recorder track was reserved for timing signals. Two signals were provided:
(1) a fiducial marker to accurately establish time zero and (2) a continuous sinusoidal signal
to establish accurate time Intervals after to' The centor track on the tape was reserved for
these timing signals, since the other tracks would be symmetrically disposed about it and thus
halve the azimuthal allnement errors.

Because prompt gamma radiation would reach the recording position in a fraction of a micro­
second, it was used to establish to by arranging a pulse generator circuit utilizing a gas tube,
which would conduct when Ionized by the arrival of gammas and cause a high-amplitude pulse
to be recorded on the timing channel. The 10-kc timing signal, generated by a stable plug-In
vacuum tube oscillator clrclllt, was recorded on the timing channel.

Selector 8witches allowed the operator to choose the recording of either the derivative of
the magnetic-field change or its integral on each channel. The inpul sll;llal could also be simul­
taneously conneeted to two channels through different attenuators. This was especially helpful
in the early stages of the experiment, providing an expanded scale required because of the un­
certainty of the expected signal input values. Since the recorder Itself pl"ovided a dynamic
range of about 30 decibels up to 100 kc, a selling of, for instance, 0 decibel on one and 20
decibels on other allenuator resulted in a usable range of 50 decibels.

All the preceding cireullry, Including a second antenna, was duplleated In the other half of
the recolKler, making a lotal of two complete broadband combined Integrated and nonintegrated
channeIs available.

A block diagram of the system ean 110 seon in Fi{.,'11re 2.3.
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2.1.5 Mal'netic Heads. A survey of the magnetic tape recording art and commercial practice
made it clear thai a research and development program had to be Instituted to extend the com­
merclally avallabie magnetic recordtng bandwidth by a factor of 2.5. D!scussions with leading
recording engineers confirmed the opinion of DOFL engineers that the state of the magnetic
head al·t at that time was the bandwidth limiting fador.

At the same time, the Naval Ordnance Laboratol"y (NOL) published a report deRcribing a
new magnetic material developed by that laboratory, which was composed of (the nonstrategic
materiais) iron and aluminum. This alioy was called Alfenol.

NOL had compiled considerabie data on the use of Alfcnol for reiativei~' low frNIlll'nc.y mag­
netic tape head applications (0 to 45 kc) but had virtually no experience with its characteristics
at the higher frequencies. Since NOL was anxious to gain data on applications of Alienol, a
sampie quantity of mal;(nctic head lamination sto{,k from Alienol 16, rolled to 4-mil thickness,
was provided to DOFL for this experiment.

DOFL undertook to produce a workable magnetic recording head model capable of response
to over 200 kc at a reasonable tape transport speed. The first problem to be solved was that
of designing and fabricating a magnetic recording head eapable of recording frequencies of
about 200 kc. Consideration of the interrelated problems of head wear, bandWidth, and tape
dulerioration versus speed characteristics suggested that 120 in/sec was the highest reason­
able tape speed. This fact, then, set th,' lmslc requirements for the recording head design.
The design of a recording head using Alienol was not a straightforward problem, since there
was no design data avallable on this material.

Two 7··channel head assemblies were built, using the best of the contemporary techniques.
The units were identicai except for the use of Alienoi laminations in one unit (Permalloy was
used in the other unit). There was neither time nor design data availabie to optimize either
nnit to establish an absolute comparison. The Mu-metal head could not be operated at the
tiOO-kc bias frequency without excessive head power requirements (due to core losses), which
precluded optimum ope ration without introducing the possibility of serious heating and possible
damage such as gap spreading. The Alienol head. however, worked satisfactorily with 500-kc
bias and power requirements within reasonabie limits (Figure 2.4).

There are a great number of interrelated factors that have to be considered in the desig.1
of a multichannel record head, such as core material. inductance, gap, cross-talk, frequency
response, Q, and mechanical configuration.

A toroidal configuration with balanced windings offers a number of advantages (the most im­
portant of which is its immunity to external magnetic fields) essential for use in the detonation
environment. The absolute gap dimension is not critical as long as the back edge of the gap is
straight and reasonably continuous. The conventional way to lap the head pole faces to optical
tolerances is to split the toroidal core and lap the faces. This method requires the use of a
spacer in the back gap, which is of identical dimension to the front gap. Although the back­
gap type of recording head exhibits a lower efficiency and requires higher values of signal and
bias current, it is relatively less sensitive to variations in inductance, which makes possible
the holding of track-to-track inductance variations within very close tolerances.

The Q of such r head with a I-mil gap is less than 2.0. If 3 head is prepared without thE)
back gap, the efficiency can be as much as 20 decibels higher with a Q as high as 3, but the
Inductance spread even with close winding control can vary 2 to 1, or more. Since Input signal
d<!ta was 'lcaul at the lime the heads were developed for thi'l project, the low-Q design was
decided upon to insure very high uniformity between channels, which would help insure con­
Sistent, correiatable data. Moreover, since the magnitudes of the input signals were estimated,
it was deemed wise to use magnetic head designs that did not saturate easily.

Head design problems could be ')~gregated into two categories. The requirements were for
(1) a record head that woold handle the rew!!red bandwidth with low distortion and adequate
signal-to-noise ratio, and (2) a reproduce head capable of repl'oduclng the iiignals recorded by
the record head. The reproduce head was needed to evaluate the record system both in the
development laboratory and to read out data in the field. The problems presented are different
because of the basic differcnce in operation of the two systems. The fiux in the re,:,ord head
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and hence the magnetic fleld strength aeross the tape Is proportional to the current In th'~ record
head. The reproduce head output voltage, howevel', Is dependent on the rate of change of flux
produced by the magnetic poles recorded on lhe tape as they move past the reproduce head
(\lnd thus on the tape speed).

Since the mechanism of magnetic recording Invoives only the tralllng edge of lhe record
head, the gap dimension does not determine bandwidth. The tralllng edge of the record head
must be straight and smooth, since even small irregularities cause fleld concentrations (of bias)
sufficiently great to erase the higher signal frequencies afler they have been rer:orded.

The recol'd head must have sufficiently high Inductance to be e:Hollly driven by conventional
electronics, yet low enough to resonate at or above the bIas frequency, here, 500 kc. The
efficiency of the head must be great enough to operate at optimum bias levels without overheat­
Ing. Since the bias level Is about 10 times the slgnai level, heating problems become Increas­
Ingly serious as the bias frequency Is raised. Ideally, the frequency chosen for the bias shouid
be no less than five times the highest signals superimposed upon the recorded signals. All of
these problems are intensified since this system required seven tracks to be mounted In one
assembly With a 40-declOOl or better Interchannel crosstalk requirement. Moreover, the gap
scatter had to be held to less than one gap width to maintain the ab..olute time Inlegrlty of the
pulse information on the tape.

Reproduce head inductance should be as high as possible to produce maximum output voltage
subject to the requirement that the head resonance falls well above the highest signal frequency
(250 kc).

2.1.6 HF/AC Blas Requirement Determination. An analog magnetic recording system re­
quires an HF/ac bIas to be mixed with the Intelllgence signal to maintain very low distortion by
maintaining the recording medium In the center of the linear portions of Its hysteresis loop.

The sultablllty of an Alfenol head could not be completely assessed until the proper bias
requirements were established. Bias requirements vary greatly, depending upon the absolute
values of such parameters as core material, Inductance, gap, track width, signal bandWidth,
tape type, transport speed, bias frequency, and allowable distortion. Instrumentation required
to perform the bias requirement determination comprise a magnetic tape reproduce system of
known characteristics. This system Included a suitable tape transport mechanism, a reproduce
head with known response characteristics, a reproduce amplifier with known characteristics
Including a bandwidth In excess of thai to be measured, and distortion low enough to be consid­
ered negligible (oj percent of lower), as well as a suitable vacuum tube mlllivoltmeter and an
oscllloscope. In addition, a record amplifier was required capable of driving the record head
with a constant current versus frequency characteristic over Its entire frequency range. This
determination consisted primarIly of running a famIly of frequency response curves over the
required bandwidth (1 to 250 kc).

The effect of varying the HF bias Is to cause the signal HF sensitivity to change Inversely
with LF distortion. A compromise had to be effected between acceptable distortion at the low­
est signal frequency and the maximum acceptable attenuation of the highest signal frequency.

In general, at the higher signal frequencies, a high value of bias tends to erase the recorded
frequencies, while at the lowest signal frequencies the hysteresis loop operating characteristics
of the magnetic core material require higher values of bias. The bias requirements must be
determined for the specific type of magnetic tape lhat is most suitable fOI' ih" recording job to
be done. other tapes are not interchangeable with the chosen tape wllhout adjustment and re­
calibration of the bias record system.

The bias Is usually obtained from a stable, low-distortion power osclllator. Amplitude
stablllty Is important, because the Intelllgen('e HF amplilude and LF distortion are a direct
function of bias amplitude. Variations in bias amplitude of ± 1 decibel are considered the ilmlt­
Ing acceptable value for all changes due to components and suppiy voltages.

Even 1110re Important-very good waveform symmetry must be maintained. Output wave­
form asymmetry wlll appear as a dc component In the record head, which wlll displace the
zero signal operating point from the center of the hysteresis loop charactf'rlstlc with an
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attendant reduction In dynamic range, and Increased noise and distortion.
Small variations In bias oscUiator frequency, per se, are of secondary importance except

where it (1) affects output amplltude or waveform or (2) varies outside the frequency limits of
bias traps on Isolation circuits In the record or reproduce amplifiers.

In multichannel record systems, the bias signal for each record head must be isolated from
each other head to eliminate signal crosstalk. It is usually not feasible to use separate bias
oscillators for each channel, since It Is nearly Impossible to shield the channell; well enough
to pl"eclude beats between the bias oscillators. Separate oscillators can be used, however, If
they all operate at the same frequency, by Introducing synchronizing signals between them.
A great reduction In circuit complexity was effected by using one bias oscillator and an Isola­
tion amplifier stage between It and each record head. In addition to reduced circuit complexity,
the following advantages accrued from this choice: (1) the bias oscUiatol' did not have to supply
the bias power, resulting in improved stabillty and waveform; and (2) bias adjustment of each
channel did not affect the oscillator.

The bias oscillator signal amplitude was about 10 times the Intelligence signal amplitude.
Care had to be exercised to prevent the former from leaking into the signal circuits where it
could influence the operation of ihese circuits in addition to generating beat signals. This is
particularly important when the bias signal frequency approaches the higher signal frequencies.
As stated earlier, the minimum design rule of thumb dictates a bias frequency at least five
times the higher signal frequency. In this record system, this was impossible because of head
core limitations, so effective biall rejection filters had to be Interposed between the record am­
plifiers and each record head.

2.1.7 Tape Transport. The function of a tape transport Is to cause magnetic tape to be
transferred at a constant rate from one reel to another, passing over magnetic recording heads
on the way. All design efforts are pointed toward insuring constant tape speed and constant in­
timate contact between the magnetic surface of the tape and the activated area of the recording
head. Even partial accomplishment of thcse goals requires the maintenance of extreme rigid­
Ity between mechanical members, usually necessitating a heavy cast "plate" upon which the
mechanical components are mounted. Sometimes an even more rigid assembly Is requtred,
which may take the form of a box-shaped aluminum casting. Such a machine Is manufactured
by the Cook Electric Company. This recorder, used by DOFL In this pl."oject, operated at a
tape speed of 120 in/sec and included provision for mounting a 7-channel magnetic record head.
This transport (Cook Electric MR 315) originally designed for use in rocket sleds for the U. S.
Air Force, was capable of operating during 50-g accelerations. It Inciuded an armoi'ed, takeup­
red huusing tu prutuct the tape record even In the event of severe tape puller damage. The
machine provided capacity of 1-inch-wide, 1.5-mll-thlck tape sufficient for a total recording
time of 45 seconds (at 120 In/sec).

The Cook tape transport was powered by a 24-voit de "synchronous" motor containing a
vitrating-reed-type speed-regulator system capable of holding speed variations, wow, and
flutter to values approximately equivalent to an ac hysteresis synchronous motor powered from
the usual nO-volt, 60-cps power line.

The transport was modified by DOFL engineers to include a head pad to Insure contact be­
tween the record head and the tape, and to Include a recorder timer, which took over the vari­
ous switching functions of the entire recorrl"r from flO seconds before until 45 seconds after
detonation.

With the sequence timer geared directly to the transport drive, an absolute timing relation­
ship was maintained between the switching functions and the actual position of the recorded
signal on the tape. This latter feature was desirable, since the total available recording time
was only 45 seconds and since about 20 seconds of this was used to accelerate the tape to 120
in/sec and 20 seconds for recording the field signal. An error- of several seconds In timing
might have caused the desired signal to be recorded during tape acceleration, destroying the
frequoncy accuracy of tho record. Shortening the 20-second recording time would cause loss
of information on possible iong-perslstence field strength variations. The modifications
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performed by DOJ.<'L en~lneers on the Cook tape transport "an be seen In Figures 2.5 and 2.6.

2.1.8 Electronics. The electronics were paekaged Into Indlvldua.l plu~-ln modules (1"I~ure

2.7) and included the following: preamplifiers and Integrator circuits, muitiplex circuits and
timing osclllator, and recording electronics.

In the Interest of extreme flexibility, the rel:ordlng system was designed to accept input
signals over a range of about 100 decibels. This was accomplished by providing hlgh- and
low-gain plug-In preamplifier modules In addition to adjustable input attenuutors.

To rlH'ord H as well as dR/dt, an Inte~rator circuit was provided, which could be connected
between the antenna and the recorder. Two plug-in Integrator units (1"lb'ures 2.8 and 2.9) were
required per ehannel. One was designed to perform its integration functions over the H1" band
and the other over the L1" band. The Integration characteristics were obtained through balanced
reactive feedback loops.

Two channels of L1" Information were FM muitiplexed on one track at two carrier frequen­
cies selected to produce a minimum of Interaction while maintaining adequate bandwidth.

D01"L-deslgned 1"M modulator units (Figures 2.10 through 2.12) were packaged in the form
of plug-In modules, which simplified field service problems and reduced the possibility of
obsolescence for future test programs.

The multiplex FM modulators were designed to operate at subcarrier frequencies of 35
and 110 kc, respectively. The circuit used In both the L1" and HI<' modulators was an adapta­
tion of the phantast ron oscillator, cathode modulated by the varying IIp of a modulatoi' triode.

This circuit (Figures 2.10 through 2.12) "ouid be deviated I 20 percent with tess than 1 per­
cent total harmonic distortion, with an input of 300 mv.

The timing osillator unit (Figure 2.13) contained a subminiature pentode RC oscillator fol­
lowed by a subminiature triode cathode follower.

Since the RC oscillator design was relatively insensitive to variation In supply voltages and
the effects of the nuclear environment, It was not necessary to provide a balanced output (Flg­
gure 2.13). The signals from the attenuators had to be ampitfled by relatively high gain, bal­
anced preamplifle rs with a high In-phase rejection rallo before they could be fed to either the
modulators or the record amplifiers (In the caBe of H1" channels) (Figures 2.]4 through 2.16).

The rel:ordlng electronics, also packaged as plug-In modules consisted of: record amplifiers,
bias oscillators, and bias isolation amplifiers.

The record amplifier was required to transform a small transducer output voitage into a
current sufflclently great to drive the record head. The head driving stage had to provide a
constant current versus frequency characteristic over the range from 1 to 250 kc with a dynam­
ic range of over 35 decibels.

The bLas oscillator had to prOVide a stable output voltage at 500 kc with very pure waveform.
In particular, the waveform had to be symmetrical, since any asymmetry resulting In a dc
component in the head circuit would degrade its signal-to-nolse ratio and L1" response.

lsolatlon means (usually amplifiers) were required to prevent crosstalk between channels,
since the bias connections to each head would effectively place all of them In parallel, and to
reduce the power requirements on the oscillator, which would result from connecting seven
head clrcults In parallel to the osclllator output clrcuit. Considerable oscillator power was
required to develop sufficient bias current In the head (approximately 10 times the signal cur­
rent or 10 ma per head).

The record electronics had to be miniaturized to fit In a reasonable-sized package, rugged­
Ized to withstand very severe physical environment and be arranged In a plug-in configuration
to facllltate field servicing and to allow rapid change In the system as required for the different
phases of the tests. Complete Interchangeablllty of all of the components In the record system
package (plug-Ins, heads, etc.) made It possible to use five machines Interchangeably, both
within one test and from test to test, and res ulted In saving of time sufflclent to allow field
personnel to Include additional tests to answer questions that arose as data from each test was
processed.
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The record amplifier (FIg-ure 2,17) was designed 10 supply an essentially constant current
signal 10 the record head over a frequency range from 60 to 330,000 cps. It consisted of a
pUSh-pull HC-coupled power pentode amplifier stage utilizing two miniature 5686 tuLes. The
relatively lew Impedancl' output eircult was fed to the heads throug-h a series resistor and a
pall' of bias trap coils, which prevented the relatively hllth ampiltude bias signal from feeding
Into the record amplifier plate circuit and modulating the Information signal. The serles­
resonant Lias trap (·.olls consisted of miniaturized 465-kc ferrite c.ore radhl IF colis, which
could be luned exactly to the 500-kc Lias frequency and had sufficiently high Q to exceed the
design requirelllents uf 40-declbel attenuation.

The pentode design was used for several reasons, the more Important of which Included, In
addition to the higher lXlwel' sensitivity, taking advantage of the constant current characteristic
of a pentode to drive a load (the head) that requires a constant current signal. Also, a pentode
is I'elatlvely Insensitive to the aetual value of load resistance In that Its distortion does not In­
crease rapidly as the plate load Impedance Is lowered Lelow Its plate Impedance as a triode
dues.

The Lias osdllator (Figure 2.17) design comprised a push-pull tuned plate type with balanced
capacitive grid plate feedLack. The tank coli consisted of the primary winding of a ferrite cup
core transformer til() secondary of whleh fed a push-pUll resistance-coupled triode amplifier
stage with HC plate-gl'ld negative feedback, which served the dual purpose of prOViding a low­
Impedance driving voltage to drive the seven Lias Isolation amplifiers and Isolating the oscilla­
tor from the loading of the seven bias circuits. An adjustaLle common cathode resistor was
pl'ovlded to Lalance the amplifier circuit to I'educe Ihe distortion to the practical minimum,
Since distortion-measuring equipment that would operate at 500 kc was unobtainable at the time,
direct distortion measurements could not be made.

Signal distortion measurements were made, however, at the low signal frequencies; these
were considered an adequate Indication of bias distortion, since bias level considerations are
Lased in part on the LF distortion, which varies inversely with frequency. The total distortion
due to bias waveform asymmctry and record amplifier distortion measured at the lowest signal
frequency (1,000 cps) was less than the value considered acceptable for recording the data (3
percent).

A Lalanced push-pull amplifier (FlguI'e 2.17) was interposed between the bias oscillator and
the record head for each track of the I'ecord system. This amplifier, utilizing two power pen­
tode 6005 miniature tuLes, not only supplied the head circuit with the proper bias current but
also provided adequate isolation between the hean and the record amplifier and more than ade­
quate Isolation lJetween tracks.

This circuit complication, additional space, and power drain were justified, since the dis­
advantages were more than outweighed Ly the follOWing: (1) lowered power requirements for
the oscillator, which would otherwise Le greater than could be supplied with miniature tubes;
(2) optimum impedance mat(~h to the head, which would preclude loading of the record ampliiier
output circuit; (3) individual adjustment for optimum bias for each track without interaction on
the other track; (4) over 40-dccibel reduction of the track-to-track crosstalk, which is a serious
proLlem in a common bias system; and (5) considerable reductions of noise modulation and dis­
tortion due to the reaction of the bias signal on the plate circuit of the record amplifier. (A
filter was Inserted in the record ampllficr plate elrclIlt to further reduce tMs effect.) Without
the bias amplifier, this fUter would have been very complex, which ...{ould have degraded the
good system transient response.

The Lias signal was fed from the bias ampllfier to the head via a balanced output transformer
and blo(,king capacitors.

The record system, including the record electronics, bias oscillator, bias amplifiers, and
heads, utilized completely balanced circuitry, which effected maximum rejection of electro­
magnetic signals necessary in near-field measurements.

2.1.9 Power Supply. The instrumentatlon required a seU-contained recording system, which
dictated the usc of battery power as a primary power source. Early planning resulted In the
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(2.1)

d'Jcislon Lo usc a single battery of Iwcondury cells, mainly because Lhe expecLed extensive devel··
opment, Lest, and service time of primary (or dry) cell batteries would require too much space,
cost too much, and have questionable reliability willm subjecled to all of the aspects of a nuclear
detonation.

A stUdy of the prolJlcm revealed that the best compromise In the selection of secondary cell
lJ:ltlcrles was tho hermetically sealed nickel-cadmium Voltabloc battery. This 28-volt, 35­
ampere unLt was exceedingly rugged, was capable of withstanding many charging cycles, was
able to deliver large '~urrents In a short period of time, and was possessed of a flat discharge
versus voltal{e characteristic.

2.1.10 Recorder Package. The recorder Inner package occupied a volume of 8 cubic feet
arranged In a cube with 24-Inch sides. The outer frame of 2-lnch aluminum angle stock was
welded Into two box sections, which could lJe swung apart on a pl.ano hinge for ease In servicing.
When swung together, the two sections, allned wlth guide pins, were held together with heavy
bolts. Two lifting rings were aUached on a vertical line through the package center of gravity.
All of the sides were flush so that Lhe package cculd be easily slid Lnto the outer magnetic shield
assembly. Flexible cable connections ran between the sections so that It would operate In a
normal manner with the sections swung apart. All of the electronics were located In the smaller
of the two sections and the timing, power, and tape transport mechanisms In the other.

The various components can be seen and Identified In j<'lgures 2.18 through 2.21. Notice that
every component Is accessible for adjustment or replacement, In spite of the staunch frame.

The tape transport was located In the top of the power section of the recorder package so
that th.e magnetic tape could be removed and replaced without removing the recorder package
from the outer magnetic ~Ihleld.

Because of the conslde,mble weight of the reeorder package, servlclng faclllties were set
up In the field with benches arranged In a quonset hut In such a way that a small crane could
11ft the recorder assembly from the outer magnetic shield while outside the hut, swing the pack­
age Into the hut, and deposit It In the servicing position. The photographs In Figures 2.22
through 2.24 show the recorder being placed In the outer magnetic shield box and the complete
system being Installed Into the container well of the site.

2.2 CALIBRATION

Calibration wall performed before Installation of the station and after recovery; a complete
tape with sufficient amplitude and frequency characteristics was recorded both times and re­
tained for future evaluation and signal analysis.

The slmpUclty of the loop antenna operating below Its self-resonant frequency permitted an
easy calculation of the value of the time derivative of the magnetic field, since:

(Induced voltage) = -NA IJo ~~ ,

Wh(lre: N = number of turns
A = area of loop, m2

Since the characteristicS of the Integrators were known, the value of the magnetic field could
btl calculated. Pre- and pO:Jtllhot calibration tapes were analyzed In the lllhorlltory and, to­
gether with tllp. known electronic Integrator characteristics, were used to prepare the sensitiv­
Ity data, In ampere turns per meter or ampere turns per meter per second, for each recording
cha!1.llel at each station and recorder.

2.3 MgTHOD OF' INSTALLATION AND RECOVERY

The recorder boxes had to be protected from the effects of overpressure, and although the
tape puller was capable of operating under high acceleration, it was desirable to reduce the
sllOek to a minimum by sullable shock mounts. Furthermore, the electronics had to be pro-
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tocted from appreciable nudear radiation, since at the high radiation Intensities present at and
Immediately past time zero, Induced Iranslent currents and, at the closest distance, even per­
manent degradation would result.

Subsurface Installations were, thei'efore, planned. Calculations were made to detp.rmlne the
depths necessary for reduction of neutron dosage to 108 neutrons/cm2 and gamma dosage to
G.3 l' for the largest ahot In which each station participated. The deepest hole measured approx­
Imately 9 feet to the surface of the recorder shield, whereas the outermost stations measured
1.5 feet. To accommodate the Instrumentation boxes, all holes were 5 feet square.

For best results, tho entire space above the Instrumentation should have been filled with
soU; this, however, would have Introduced a serious recovery problem. Sandbags grouped In
standard Army cargo nets were used as the cover Instead, and care was taken not to leave
large voids through which neutron leakage could occur. The recorder box was suspended by
four springs (resonant frequency approximately 2.5 cps, mflXlmum excur:;lon 3 Inches) mounted
to an aluminum hanger plate bolted to lumber hangers lhat fitted Into concrete slots. A cover
of 4- by lO-lnch lumber (maxln1l1m dimensions for the deepest hole) rested on a concrete lip
and served to support the sandbags and protect the record"r from the overpressure. The trans·,
mission and timing lines fitted through slots In this cover and exte:u!ed up to the loop antennas,
which were burled I to 2 feet below the surface. The attenuation of the signal through the a­
mount of soil covering the antennas was negligible at the frequencies considered. ufil'einforced
concrete was used as a liner, because the Introduction of conducting materials, such as steel
in a reinforced structure, would seriously distort the electromagnetic signal.

2.4 STATION LOCATIONS

Figure 2.25 and Table 2.2 give the location of each station and the slant range to each shot.

2.5 DATA REQUmEMENTS AND ANALYSIS

Wormation was required on the amplitude of the magnetic field component of the electro­
magnetic field as a function of time. The recovered magnetic recording tapes for each shot
were played back at the Instrument truck at Camp Mercury, and the data obtained was used as
guidance to set the unit attenuators for succeeding shots.

The signals on the recording tapes were displayed on an oscilloscope and photographed.
Those pictures showing no overload characteristics were then used for scaling purposes. By
means of the calibration tapes and their accompanying osclllcgrams, the output voltal{e from
the playback amplifier was related to the Input voltage to the recorder. The Information of
primary Interest obtained In this manner was the peak field intensity, the peak value of its
time derivative, and, In some cases, the time to the first peak and the crossover.

A more complete analysis was performed at DOFL. The Interim test report stated t!nt no
LF channels could be played back at Menury because of excessive noise as well as frequency
and voltage variations In the power supplies for the playback equipment. Under the more
favorable laboratory conditions, it was possible to extract the LF dah. A great deal of this
tU1'lled out to be overloaded, since no attenuator setting corrections could be made In the field
because of the playback problem at that time. Sufficient data was ob"talned, however, to yield
a fairly I;UUU t:tllllllate of the genel'al character of the signal.
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TABLE 2.1 HECOHDlm !';VENT SJ<;QUENCE

INTERNAL RECORO MAIN POWEROE."'~
EO a G MAIN TlMF.R TIMER

EXTERNAL TIMER (SEC) OIAL VOLT~~~RRENT
SIGNAL (MIN) READINGS FUNCTION (V) (AMPS)

'- TIMING MOTOR STARTS 27.0 0To -5min. _. -_._--- -._._----- ---- ~_.---

-4.5 2 TIMING CIRCUITS ON 27.0 4.0
--------- --~ --- - ----

-3.5 3 FILAMENTS ON 26.0 14.6
-"-' ------

-2.5 4 INVERTER ON 25.5 30.8
- 1.5

.;-- -60 5 RECORDER TIMER ON 25.3 30.6
To -Imon.

-55 RECORDER TIMER LOCKED ON
.- ---

-0.5

-20
TAPE TRANSPORT STARTS 25.0 34.6

6 EXTERNAL TIMING LINE DISCONNECTED

G;;To -
0.0 f--- ._- - .- -_.-

+20 TAPE TRANSPORT STOPS 25.0 30.5
DETONATION

INVERTER OFF
..- ------ ----

+'Q.L 7 .._._-
+45 RECORDER TIMER Off 25.0 15.0

'---'
+ 1.5 8 .. F~LA~_E.NT~ .OFf ". 26.0 3.~__._--
+2.5 9 TIMING MOTOR STOPS 26 + 0

TABLE 2.2 SLANT HANGES OF STATIONS

Only ",tuUons Crol11 which data was collcctcd aro listcd.
Slant Hangc

Stallon Shot frol11
Burst :':cro

mctcrs

Frvnchnlan Flat

lo'6.2-9037.03 Priscilla 938
lo'6. 2-9037.04 Priscilla 2,200

Yucca Flu.l

9-6.2-9006.01 11000 498
9-6.2-9006.01 Lassen, Wilson, Owons 250
9-6.2-9006.02 11000 566
9-6.2-9006.02 Lassen, Wllson. Owens :168
9-6.2-9006.03 Hood 887
~)-6,2-900li.(I3 LasfJcll, \Viltmll, Owens 776
9-6.2-9006.04 1I00d 1,590
U-6.2-9006.04 Lassen, \\.'ilson, Owens 1,532
U-6.2-9006.05 11000 ?,U30
U-6.2-9006.05 Lasson, \Vilson, Owens 2,!l01
2A-6.2-UOOI Diablo 298
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Figure 2.1 Instrumentation system package.
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Figure 2.4 7-channel magnetic head.

Figure 2.5 View of tape transport, showIng armored
tape compartment and timer.
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Figure 2.6 Top view of tape transport, showing tape path.
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Figure 2.7 Tape recorder plug-in units.
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Figure 2.8 Schematic of high-band Integrator.
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Figure 2.9 Schematic of low-band Integrator.
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Fll\ure 2.13 Schematic of liming osdllator and cathode follower.
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Figure 2.16 Schematlc of low-band preamplifier.
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Figure 2.18 Hecorder. inside view.
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Figure 2.19 Hecorder, end view.
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Figure 2.20 Recorder, side view.

Figure 2.21 Hecorder, side view.
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..

Figure 2.22 Recorder package being transferred from service
area to outer magnetic shield box.

Figure 2.23 Lowering recorder package into magnetic shield box.
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Figure 2.24 Lowering recoi'ding package into hole.
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Chapter 3

RESULTS

3.1 DEGREE OF SUCCESSFUL PARTICIPATION

The project participated ;,n six shots: Lassen (0.47 )( 10-3 ktl, Wilson (10.3 ktl, Priscilla
(36.6 ktl, Hood (71 ktl, Diablo (17.0 ktl, and Owens (9:1 ktl. Useful data was obtained on each
of these events.

3.1.1 Shot Lassen. Although the yield of Shot Lassen was eonslderably below that expected,
data was obtained at two stations. Regardless of the low yield, the peak values of dH/dt were
only two orders of magnitude below those of some of the later shots with yields of from four to
flve orders of magnitude higher.

3.1.2 Shot Wilson. It had been hoped to use the data from Shot Lassen to estimate the values
for Shot Wilson, but because of Lassen's low yield, this was not advisable. The project, there­
fore, Instrumented for Shot Wilson identically to Lassen, and obtained reeords at aU five stations.
This was essentially the project's first plutlclpatlon and, therefore, the data obtained was :some­
what scant.

3.1.3 Shot PriscUla. Instrumentation for Shot PrlscUla consisted of five recorders. Am­
plitudes were predicted by using the Wilson data and a relation InvolVing the square root of the
yieid ratio, as suggested by staIf members of LASL. Good data was obtained at Stations 3 and
4. The sensitivity setllng for Station 5 turned out to be too iow; thus, no data was obtained at
this station. The first and the project's only recorder faHure occun'cd at Station 2 as a result
of the omission of a recorder drive belt before installation. The project had participated in
several successful timing runs before D- 1 day and had noted no failures up to that date. On
D-l day, a timing signal distribution box, located some ~J feet from Station I, was sandbagged
by EG&G. The last timing run on D -1 was a hot run, and no personnel could be stationed on the
site. Subsequent examination, in the aftt:>rnoon of D-l day, indicated a failure of the timing
relays at Station 1. The Test Director was notified of this fact, the notlflcatlon was acknow­
ledged, but no corrective action was auth·..>rized. When Shot Priscilla was later postponed for
1 day, it was apparently still not possible to effect any correction of this failure. The recorder
at Station I, therefore, received no timing signal, resulting in complete loss of data.

3.1.4 Shot Hood. Five recorders wore placed In Area 9 for this shot. Predictions for sig­
nal amplitudes obtained with data from the previous shots proved to be good. Usable records
were obtained at all stations.

3.1.5 Shot Diablo. TWQ recorders were used during Shot Diablo. Nearly 60 tons of lead
shielding entlr'31y inclosed the device. The signal was expected to be considerably below those
preViously obtained; therefortl, a wide range of attenuator settings was used to prepare for
either the usul,l signal or a mIlch-reduced signal. In spite of these precautions, no record could
be found on an.y of the channels at the farther out station. A signal, of the same order of magni­
tude as that obtained in Shot Lasson, was recorded at Station 1.

3.1.6 Shot Owens. The project used three reeorders. Predictions of the amplitudes to be
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obtained at this shot, gathered from the previous shots, turned out to be most valuable In this
case. Good data wal) recorded at each station on nearly every channel of recording.

3.2 DISCUSSION OF DATA

Tables 3.1 through 3.4 give summaries of the amplitudes of the first peak of the mal~netlc

fields and their time derivatives. The slant-range distance to the burst zero Is given for each
"hot since, as will be shown later, it appears this is the most meanIngful quantity. In addition
to the peak amplitudes, the peak amplitudes divided by the square root of the yield are given for
H.p and dHq,/dt and the peak amplitudes divided by the yield to the 0.4 power are gIven for HI'
and by yIeld to the 0.7 power for Hz and their time derivatives.

In many cases, overlond sIgnals resulted in no usable data on several channels. Ar. exten­
sive examination into the overload characteristics of the recorders used resulted in a,l ability
to make estimates as to the minimum values that could have resulted in such overload signals.
Where such estimates were possible, minimum values are SUIted in the tables accompanying
the oscillograms In the next section.

Tables 3.1 through 3.4 are divided Into dahl frolll the HF and LF channels. In each case,
the peak amplitudes "'tated as recorded by LF channels occurred at times subsequent to those
noted under the HF channel captions. In nearly all cases, however, they appear to be of the
same ordcrs of magnitude. A further discussion of this phenomenon appears in a later section.

An extensive examination has been conduded Into the behavior of the integrators. It is con­
cluded that the de8 igns wen; quite succes8(ul, lhat Integration was performed relatively faith­
fully, and that it Is possible to approximate the peak time derivative value by dividing the peak
lntegrated s 19nal by its rise time.

3.3 PRESENTATION OF DATA

3.3.1 Introductlon. Osclllograms of the recorded signals, both from the HF and LF chan­
nels are presented tn Figures 3.1 through 3.7 and referenced in Tables 3.5 through 3.8. These
tables show what daia the project set out to collect during each shot and at what station. They,
furthermore, reference the reader io the osclllograms pertaining to the data and denote mini­
mum values esttmated from overloaded channels.

A word needs to be said about the LF channels. The HF cutoff on these was about 5 kc;
thus, some of tb.e HF signals, successfully recorded on the HF channels, did get through the
amplifiers and were recorded at a much lower rise time and with decay periods perttnent to
that portion of the system. Experiments with the response of the T,F ehannels to sharply rising
signals leads to the conclusion thai the first few hundred microseconds and perhaps even the
first millisecond should be disregarded except as evidence of the existence of an early HF
signal.

The LF integraiors had decay times with an e-folding period of approximately 80 msec.
Thus, an oscillogram taken from an LF intelp'ated signal channel should be interpreted as
follows:

(1) A trace rising to a peak in a Lractlon of a millisecond should be disregarded and assumed
to be the LF respGnse of a fast ri13i.ng pulse. When avai.iable, ihe HF chanllel trace should be
used instead for that portion of the time history.

(2) A trace rising to a peak tn one or several milliseconds is a relatively faithful reproduc­
tion of a magnettc field strength with that rise time.

(3) The decay of the trace from such a peak to zero, if appreciably faster than 50 msec, is
probably ~. faithful reproduction of field strength decay with that time constant; if of the order
of 0.1 second or larger, it probably means that the field strength remained at or about its peak
valuc for a period longer than that. In the latter case, or where doubt existed, oscillograms
have been presented showing the field-time dependence only to its peak valUl~.

3.3.2 Co€neral Description of Si~nals. As expected, the signals h1QStly had rIse times of
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(3.i)

the ordur of several microseconds. It is wl!11 understood that the very first part of the signal
should Indeed rise considerably fasier, beyond the rise time of this recording equipment; how­
ever, at the short cU"tances at which these measurements were pedormed, very little energy
is contained in that time portion, and the fields continue to rise with time constants of micro­
second order. This same result has been confirmed hy the British (informai discussions with
S. D. Abercrombie, Atomic Weapons Hcsearch Establislunent, Aldermaston, Great Britain)
who, using 30-Mc cutoff-frequency equipment, have made similar electric fieid measurements
at comparable distances.

The magnitude, although not the existence, of the very-iow-frequency signals WE,re somewhat
surprising. An examination of the osdllograms shows that probably two separate /lignal time
histories are present, the long persistent one !ltarting after terillination of the short. duration
signal. These signals coalesce as the distance to burst Is decreased. This latter phenomenon
has also bElen observed by the British.

The magnitudes of the signals appear to be in generally good agreement with thone predicted
In Chapter 1. The existence of appreciable fields in the Hz and Hr orientation is not too sur­
prising in view of the complex nature of the source.

3.4 ANALYSIS OF DATA

3.4.1 Introduction. Figure::: 3.8 through 3.11 show the relationship of the amplitudes of the
first peaks of the magnetic fields and their time derivatives to the slant range to the burst point.
It should be noted that a cylindrical coordinate has been used instead of the sphericai one dis­
cussed in Chapter 1. Since all measurements were made in the ground plane (0 =rr/2 or :<'. =0),
there exists only an artificiai difference between these two systems (because an HO field in this
plane is entirely in the z direction). In the right-handed cylindrical coordinate /.ystem used,
positive flelds indicate a radial (Hr ) field poiftting outward from a vertical line through tho burst
point, a vertical (Hz) field pointing upward and an azimuthal (Hq,l field pointing counterclock­
wise. Thus a positive H.p is that as woulc.l eminate from current flowing upward. The ampli­
tudes have been normalized by dividing the actual values by the yield raised to some power n
as ind!cated in Tabies 3.1 through 3.4.

3.4.2 Scaling Laws. To establish scaling laws for the magnetic field with yield Y and dis­
tance R, the following relation was assumed.

K yn
H = Rm

Taking the iogarithm of both sides yields

InH = InK + nlnY + mlnR

This has the form

(3.2)

(3.3)

(3.4)

It is further assumed that Rand Yare well determined; therefore, the method of least square
analysis given In Reference 8, is applicable to determine the values of the constants, K, n, and
m. This analysis was performed using the data given in Tables 3.1 through 3.4 and yielded the
equations given below.

For the HF channel.ctata:

8.28 x lOly o.m
Hcp = - R 2•23

dH!l! =
dt

4.84 X 1012 y o.I21

R 2•12

47

SECRET

(3.5)



dllr.
dt

For the LF channel data:

1.18 X 10 18 yO.36S

H 3.48

3.52 X 1018 Y0.615

R 3.i8

(3.6)

(3.7)

32.3 Y 2.18

1Iq, ,,- R O•813
(a.ll)

dllrp
dt R 2 ,58

4.91 x 1.01lyO.16

R 2.11

(3.9)

(3.10)

Where: Y
R

yieid, kt
distance, meters

Nu sil,:lh,_ ,ant enol' Is introduced by ruunding of( the values of the exponents tn Equations
3.4 and 3.5 so that these are revised to read, for II F channel data:

lIep (3.11)

(3.12)
dllrp = _ 2.3 X lO t2 yo.S_
dt n2

These two equations are ph,tted as soHd lincs In Figures 3.8 and 3.9. Inspection shows
fairly good agreement between the experimental points and these empirical curves. This would
indicate that ihe first peak of azimuthal field as well a", first peak of its time derivative could
well arise from a vertical electric dipole as assumed in the discussion In Chapter 1. The nega­
tive values obtained (with one exception that remains unexplained) further indicate an initially
downward flowing current. This is in agreement with the observations of aH the other experi­
menters.

It is noted lIwt the relaUVtliy good scaHnl: law agreement between 111' and dllq/dt as evident
from Equations 3.4 and 3.5 does not carryover into their LF components obtained from subse­
quent peaks. The ieast-square analyses leading to Equations 3.8 and 3.9 result in widely differ­
ent yield and range dependence. It must be noted that fewer experimental points were available
for these analyses, with considerable s(:atler. Changing the value of the yield exponent in
Equation 3.9 to agree with that of Equation 3.12 results in Virtually no change in the range ex­
ponent (2.58 to 2.60). For the sake of uniformity and to afford some basis for comparison the
yield exponent in Equation 3.8 was simtlarly ehane;f)n tn 0.5. The resultant equations, replacing
3.8 and 3.9, which were then used for the dashed curves in Figures 3.8 and 3.9 are, for LF chan­
nel data:

lit/> = -
3.9 X 108 yo.&

(3.13)
R I•8

~= -
2.3 X 1013 yo.s

(3.14)
dt RU

'fhe same rounding off procedure used hr Ht/> and dHq,/dt was also used for Equations 3.6
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and 3.7, so lhallhese are revlsed to read, for HF' ch".nnel data:

1.2 X 1016 yO.'

R 3.5
(3.15)

3.5 X 10 16 yO.l
-------

n3.5
(3.16)

These two equations arc plotted as solld llnes In Figures 3.10 and 3.11. A vertical electric
dipole does nol have radiai or vertical magnetic fiolds associated with it, nor is there an in­
verse cube dependenee on the distanee on the assoelated azimuthai field. A horizontal magnetic
dipole doeB, however, have these lwo eomponents, and the highest power dr<,poff with distance
is the third power. It may, therefore, be postulated that the burst has a more complex electric­
magnetic moment than a simple elecirie dipoie and could possibly indude a horizontal magnetic
dipole.

The value of the yield exponent in Equation 3.10 was changed to 0.4 to agree with the HF
channei equation for dll/ctt, resulting in an expression for LF channel data:

~=
dt

I X 1013 yO.'

n2.5
(3.17)

This curve is plotted as the dashed line in Fib'llre 3.10.
The probabie error in the yield dependence was investigated for Equation 3.9, which postu­

lated a dependence on yield to the first power. The probable error was found to be ± 0.4,
which gives some degree of credence to the rather arbitrary assignment of the yield exponent
selected for Equation 3.14.

In summary, the recommended scaling equations for the first peaks (HF data) are 3.11, 3.12,
and 3.16 and for the subsequent peaks of the delayed, LF signals, 3.13, 3.14, and 3.17. It
must be emphasized that these recommendations (based on one test series involVing a rather
restricted range of yields, variety of weapon typo!>, and alUludes) arc relatively hazardous
estimates.

TABLE :1.1 SUMMAltY 01" AMPLITUDES O~· ~'IHST PEAKS. Hq>

Shol
Slanl
Itangc
meters

Peak AmplitUde

ampere turmvmctcr

Peak Al11lllitude­
(Yiel<l)I/2

atllpcro turns/meter

kt l / 2

II~' Chni1nels

PriBcllIa
PrIscilla
1100<1
lIood
OWOIlB

Owella
WilBon

na8
2,200

4!)H

566
368

2,llOl
2,nOl

-IS:1
-20
640

-673
-432

-4.n
·-6.0

-30.2
-3.3
74.4

-7S.4
-139

-1.6
-I.ll

L~' Channels

-4S
--24

--;l32
--2.3

n38 --2nO
2,200 -115

506 -2,000
29S --ll_s

PriBellIa
PrlBcllla
1Iood
Diablo

. -----.._---------------------------
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TABLE ;l.~ ;;UMMAIlY OF AMI'LlTUlJI';S OF FlItST PEAK;;.

<III ,,/<It

-4.1" 105

.- 1.0 x 108

- 6.7 x 108

-3.1 x 105

- 2.4 x 105

- 2.6 x 108

- 1.3 x 108

- 1.8 " 105

-3.7 x 10'

- 1.0 " 10
8

- 5.0 x 10'
4.4 X 10'

- 1.5 x 105

··4.8 x 108

··1.2 x 10'
- 4.8 x 104

- 2.4 x 10'
--"-' .2.8 X..:1:..:0:..-' _

II }<' Chunnels

Prisclila 2,200 -2.5"108

1I0oU 4!l8 -8.9" 10'
\lood 5GH -5.7" 10'
1Iood 1,59{1 - 2.7" 108

\lood 2.!l30 ·2.1 " 108

Owells ',68 - 8.4 x 10'

Owens 1,532 -3.!l"W'
Owens 2,901 - 5.6 x 108

Wilson 250 _ 1.2 x 108

Wilson 1,532 - 3.3" 108

Diablo 2!lS - 2.5 x 108

Lassen 250 !l.U " 108

L1<' Chanll cis

Priscilla 2,200 ~ 8.8 x 105

1Iood 566 - 1.2 " 10'
Wilson 250 - 3.11 x 10'
Wilson 368 - 1.3 x 10'
Wilson 1,532 !l.0 x 10'
Diablo 298 1.2 x 108

TABLE 3.3 SUMMAHY 01<' FIUST PEAK AMPUTUDES,

H.. AND Hz

Shot
Slant

Peak Amplitude
Pealt Amplitude

Hange yi"ldn

nlotors ampere turns/meter anlDcrc turnsbnctpr
ktn

Ill<' Channels, 11 .. n 0.4

lIood 498 - ~!l3 - 38.0

L1<' Channels, Ill' n 0.4

lIood 4!l8 - 8!l4 -160

L1<' Channels, Hz n c 0.7

Wilson 1,532 - 42 - 8.2
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TABLE :1.'1 ~IIMMAI(Y OJ<' 1"mS'!' PEAK AMPLITUlJES,

dll r /dl AND dll,,/dt

Shot

Ill" C h::lnnols. d 1I1'/d t n 0.4

Priscilla !~38 - 2.5 x 101.1 .- ".'/ x ]05

Hood 4B8 - 2.5 " 10
1 --4.5XI0·

Ilood .,5UO - 4.6 x 105 - a.~~ x 10·
Owens 1,532 -·2.,1 x 105 - B.7 x 10'

L k' C hanno 1s t dll r/'lt n 0.4

PrIscilla t138 - 2.6 x 10· - 6.2 x 105

Owcns ItS:'? - 3.1 x 105 - 1.3 x 105

Wilson 776 - 1.5 x 10. -- 5.B x 105

II k' Channels, dill. Irl t n ~ 0.7

Pris<'illa 2,200 - 2.8 x 105 - 2.3 x 10'
lIood 867 .- 2.5 x 101 - 1.2 x 101

Owens 2,BOI 1.1 x 105 2.3 x 10'
LasBen 368 - 1.4 x 105 -3.3XI0!

Lk' Channels, dllz/dt n 0.7

Wilson 1,532 - 1.8 x 10' - 3.5 x 103

TABLk; 3.5 PAHTICll'ATION AND O'iCILLOGRAM
IU;n;IlENCE, SHOT l'HlSCILLA

Stslton k'"6.2-9037

.02 .03 .04 .05

3.la,b,c 3.1f,g,h
NH 3.11,)
NH NH

3.1d,~ NR
NR NH
NH 3.lk

Nil, not reeordL'<l.
Magnetic

k'lcld
Component .01 =: ~.::

Il~
dl~<p/dt
HI'
dllr/dl
Ill.
dll;/dt

Leiters refer looseillograms In k'lgurcs 3.1 Ihrough 3.7
• TimIng s',~nl failul'e; no l'llCord.
t Hccordol' CailUl'ei no record.
t Huenrd!!r sensitivity too low; no dala.
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'I'AIlLE :1.6 I'AIlTICII'ATION AND OSCILLOGIlAM
IlE~'EHENCE, SIIOT 1I00D

Nil, 1101 recorded.
Magncllc--------~tat1Oill)-6.2-!j006-------

~'ichl

COlllpoc::n::":-."t'---__.O_l .:!!.? .0_3_ .04 .05

Slation ~-6.2-~006

H.p 3.2u 3. 3u, 1>, e Nil :1.4u,1>t Nit
,III</>/dl 3.21>, e :1.:ld, c 3. 3f, g' :1.<Ic, dti 3.1g
IIr 3.2d, e, f Nil Nil 'Nil
'III r /dl :I.2g, h Nil Nit 3.4", f Nit
Hz NH Wi t Nit .,

dIIz/d_I___NIt. ~~._...:J.::l~. ~ t-I!!.
• L"'" t)ignal greater than JOf ampol'C turnB~1tcr-scc.

t L}t~ sIgnal grl!atul' than () x 103 ampere tUl'us/molcr-l:iCe.
t Lit· signal greater than 150 ampere turns/mutor.
§ L.' slgllal greal",' thall 1.6 x 101 alllporo tUl·lIs/metur-scc.
, LF signal g.'oaler Own 163 IIlllpor" turns/melor.

··Iflo~ signal groater thun 10 ampere tUl"na/mctcl'.

TAIlLE 3.7 I'AHTICII'A'I'ION AND OSCILLOGitAM
HEl"EHENCE, SIIOT OWENS

Nit, lIot record~'<i.

'Magnotie
Flold

COlllponclit _.:..:0.:2'- -=..:0.:4 -=..::0.::.5

Ht/>
dll</>/dl
Hr
<!lI1'/dl

Hz
<!llz/dt

3.6u
3.5b
Nit
Nit
Nit
Nit

Nit
3.5c

NH
3.50, C, f

NH
Nit

3.5g
3.5h
NR
Nit
Nit

3.51

TABLE 3.8 I'AitTICII'ATION AND OSCILLOGitAM
itEJo'EllENCE, SHOT WILSON

Nit, lIot rccol::·d::e::·d::. ---;;-;-;-;--:~;_;;-;c=;;--_---
Magnolie Station 9-6.2-9006

Fldd

Componont .0::2=-__.::.0::::2=-__....::.0::::3=-__~.J::4=-_---=.:.05

H.p Nit 3.60, f 3.6j
dH1,1dt 3.6a, b 3.6e NR t
Hr NH Nit Nit Nit NR
dUridt NH NIt 3.6d Nit NR
Hz Nil NH NH 3.6g,h Nit
dHz/dt Nit Io:l~ Nit 3.61' Nit

'" lilt' signal gl'cator thull 7 x 106 ampere turns/motor-scc.
t l!!'~ Big-na! greater than 5 x 10' ampere tm·ns/mcter-scc.
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a b

::' I' , f ~ 1 I I ,. I 1; 1-"-t/ 'I +II ..-r-l·-t t ,~,j.- -f .: ---~" ......~..~ -+ ',. " I t I • . . • I
-;.>/ 'f'i~..._· ;~i ~~~~ .....'.-,... ,;

c

Figure Station Component
Horizontal Sensitivity Vertical Sensitivity

(per divIsIon) (per division)--------_.
second ampere turns/ ampere turns/•

meter-sec meter

3.1a .03 H", 10 x 10-8 73.5
b .03 H",· 1 x 10-3 200
c .03 H",· 5 x 10-3 200
d .03 dHr/dt 10 x 10-8 1.4 x 108

e .oa dHr/dt 1 x 10-3 1.9 x 108

f .04 Hq, 10 x 10-6 11
g .04 H</>· 500 x 10-8 160
h .04 H",· 5 x 10-3 160
I .04 dH",/dt 5 x 10-6 1.1 X 106

j .04 dH",/dt· 1 x 10-3 6.3 X 105

k .04 dHz/dt 10 x 10-6 1.7 X 105

• Taken from LF (,hanncl.

}<'lb'Urc 3.1 Osclllogt'ams of Band dB/dt versus time. Shot Priscilla.
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~_jr'i.... :·-..·ili.

wI
!,•.•.••••I

j

• 'I,,:.:."ll··t..· +t···r..j····!· ..l ..·.. l··· .... 'l"l
l·T~. .'.... ....'1.+.+ 1 '" ..- _..

y-f.....,.--......-+i-+~- - -+--r-+- I if 1 'i,

h

Figure Station Component Horizontal Se~sitivity
(per divisIOn)

Vertical Sensitivity
(per division)

second ampere turns! ampere turns!
meter-sec meter

460

894
163

894
1.4 X 101

1.4 X 101

------------ ---------

3.2a .01 H.p 100 x 10-'
b .01 dHq/dt 1,00 x 10-6

c .01 dH<p!dt 1 x 10-3

d .01 Hr 10 x 10-6

e .01 Hr '" 500 x 10"6

f .01 Hr '" 5 x 10-3

g .01 dHr!dt 10 x 10-8

h .01 dHr/dt 50 x 10-6

'" Taken from L1<' channel.

Figure 3.2 Oscillograll1s of Hand dH!dt versus time, Shot Hood.
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I I I

...............\ \
-+-t,.. .... , I

l-;o~""''''
a

II i! '!ill+t+lr."' J - +

l~~)-,±·i'.J+.: I I t

+~f-+o~+-+c---t--H-+-++-+-.~~_ : . • _1-11111 1

t~... -I~t ..·.....:· ..1· ....1....1... ·1. .. · .... •..•

+ +
d e

h

f

i 1\ i . I 1 I. II. i ~. :. I
t~-H"11

~-..._- +

Figure Station
Horizontal Sensitivity

Component (per division)
Vertical Sensitivity

(per diVision)
second ampere turns! ampere turns/

meter-sec meter

3.3a .02 HtP 10 x 10-8

b .02 HtP>I< 500 x 10-8

c .02 HtP" 10 x 10-3

d .02 dHtP/dt 10 x 10-6

e .02 dHtP/dt>l< 500 x 10-6

f .03 dHtP/dt 10 x 10.8

g .03 dHtP/dt 1 x 10-3

h .03 dHz/dt 10 x 10-6

i .03 dHz/dt 1 x 10-3

-. Taken from LF channel.

518
1,130
1,130

2.7 x 101

1 x 107

1.3 x 107

1.3 x 107

1.45 X 107

1.45 X 107
~---,

Figure 3.3 Oscillograrns of Hand dH/dt versus time, Stations .02 and .03,
Shot Hood.
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I f I I I I Ii. i i...,
.....• ········1····'···· ····.. ·1 ..·.1... ....... ...+. "I' I' I' I'1,11 I, I +~:.: ... I .....

i ;1!i.J· .... ·..·......·i·~_~+t._r-::~_
i -I ,~"'r-rrl ..

(I b c

l ffl
:I' ',I ' 'i

. I I ! I ~ : It!· :
~ ~.. i!;,.I I. ,

+ ~.. - I I'.' -I"

1 ~·'·\\I·· ....·+.,; I \.': .... : ," : :1' f{I~-.':""i_,.....·....p ...·...i ...J~ r--::f7!"'1"'T..... L \I" • i +.' .

d e

Figure Station Component
Horizontal Sensitivity Vertical Sensitivity

(por division) (per division)
second ampere turns/ ampere turnsl

metor-sec motor

3.4a .04 H</> 10 x 10-8 37
b .04 H</> 500 x 10-8 37
c .04 dH</>/dt 10 x 10"8 2.7 x 108

d .04 dH</>/dt 500 x 10-8 2.7x108

0 .04 dllr/dt 10 x 10-8 3.8 X 105

f .04 dHr/dt 50 x 10"6 3.8 x 106

g .05 dll</>/dt 10 x 10-8 1 X 106

}<'igure 3.4 ()H"llIol~l·amllof Hand dll/dt versus time, Stations .04 and
.05, Shot Hood.
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a

---.---.-''>-._.'.-_--.,

b c

- k'~ ti -.; "'w., fv,. ..
+ ,,-----+

d e

t~;'~
of· •

f

h

Figure Station Com oncnt Horizontal Sonsitivity
p (por division)

~---- second

Vertical Sensitivity
(per di visiol1)

ampere turns! ampere turns/
meter-sec meter

3.5a .02 Hq, 5xl{lG

b .02 dHq,ldt 5 x 10-6 4 X 101

c .04 dHq,ldt 5 x 10-6 2.8 x 106

rl .04 dHr/dt 10 x 10-& 2:4 x 105

e .04 dHr/clt 100 x 10- 6 2.4 X 105

f .05 dllr/dt>!' 500 x 10--6 2.2 X 105

g .05 Il<t> 10 x 10-&

h .05 dll<t>/dt 5 x 10-& 4.5 x 105

i .05 dlIz/dt 5 x 10-G 7.1 X 104

*TllkHn froln LF channel.

216

2.7

Figure a.5 Oscillogram!> of II and dB/dt versus time, Shot Owens.
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.1...:.11' !l
'1 I I 1

.~"'" t..~k..-,-'--~-"'I~
I. ,

a
+

b

... ,1. .L. -t·

t~L ..i.._n.!.
-to

c

f

9

!' ,

j~I'v--- i .'T..,......._!-"'I~.j"""'"-~'''-l'''
+ T , ,

d e

: j I 'I' j ! ',' ; ;j ! :
I ; 1: !! I, i~ : "
!,:, ;...; ..... 1... ' .:";' "T"'; c·! : .. -

Il~J- I'~i~,-'~~
h

t •,.

j"-..-iooO-ro--"""-
... ' i

j

E'lgure Station
Horizontal Sensitivlty- Vertical Sensitivity

Component
. ....:(p:...e_:_C~~:!d~ei-o-n.:...)---a-m-p-er-e-""tu-r-n-"~'-,lr-r-~_~-vp-i:_~-~n-'~:""u-r-n-s/

meter-flee meter

3.6a ,01 dH.p/dt 5 x 10-8 8.5 X 101

b .01 dH,,/dt* 500 :< 10-8 6.3 x 101

C .02 dll<t>/dt* 500 x 10-8 1 X 101

d ,03 dHr/dt* 500 x 10-8 8.2 X 105

e .04 dU",Idt 10 x 10-6 1.9 X 106

f .04 dll<t>/dt* 500 x 10-6 1 X 105

g .04 H * 500 X 10-8 64z
h .04 Hz* 5 x 10-3 32

.04 dllz/dt* 500 x 10-6 2.5 X 10·
j .05 lip 10 x 10'-8 4

* Data from LF channel.

Figure 3.6 Oscillograms of Hand dH/dt \'ersus time, Shot Willmn.
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j.-t /-v---,--.,..--
+'

d e

Figure Station
HOl:izontal Sensitivity Vertical Sensitivity

Component (per division) (per division)
"--s-e-c-o-nt-:-I-~---a-m-p-e-r-e'-t-"u-r-n-s'l-am-p-'e-'re---"tu-r'nsl

meter-see meter

Diablo Station, 2B-6.2-900.1

3.7a
b
c

Hep*
dHepldt
dHepldt*

100 x 10-6

10 x 10-6

100 x 10-6
2.5 x 105

1.8 x 105

5.6

Lassen Station, ~)-6.2-9006

d .01 dIIeJ.,/dt
e .02 dIIz/dt.

*Data taken from LF <:hannel.

~;igure 3.7 Os<:lllogt"arns of II and dII/dt versus t.ime, Shots Diablo and Lassen.
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103 10·
Slant Range, Meters

l"igure 3.8 Normalized amplitudes vursus slant range, H",.
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Figure 3.!J Normalized amplitudes versus slant range, dHq,!dt.
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Figure 3.10 Normalized amplitudes versus slant range dHr/dt.
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Figure 3.11 Normalized amplitudes versus slant range, dHz/dt.
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Chapter 4

CONCLUSIONS AND RECOMMENDA'rrONS

4.1 CONCLUSIONS

The magnetic fleld component of the electromagnetic field Ln the close vicinity of a nuclear
detonation:

(1) (:on8Ists of both a field rlsLng to an LniliaL peak In a few mlcrosec:JIlds and decaying to
zero III 1"';1; Lhan 100 mscc al' well as a field of considerably longer duration that, at very close
distances, appears to coales(:e In time with Lhe earlier component, rising to a peak In a few
mLUlseconds and decaying over much longer periods;

(2) has Its major compunent In a horizontal plane, counterclockwise around the detonation
point with maximum peak amplitudes of the order of 103 ampere turns per meter at distances
less than 1,000 meters from the detonation potnt;

(3) has radial and vertical components whose amplitudes are generally smaller than the
major component;

(4) has rise times such that maximum time derLvatives of the field are of the order of 108

ampere turns per meter per second.

4.2 RECOMMENDATIONS

For more reliable scaling laws, the expel'imclltlleeds to be repeated on an expanded scale
to Include higher yield shots, more complete spatial coverage, and more recording channels
per station.
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1·) Preddtlnt, U.S. AJ-m.y Artillery Board, l't. S11l, Okla.
i~ PJ"@'Mldent, U,8, Al'DO' Air Ddtenao ~IIU"d, Ft. BUn, Tex,

pr:.~~n1~:~ Al-m.Y Avil\tloll BoI\N. Ft. P.lcker, Ah.

~() CO~~"~:~~;n~~~~h~:~~J\~~~~:Ge~~~~tf\frCollege,

17 COCD.fMn6ant, U.S. ArrAY Air Deten•• School, ~'t. B11118,
Tel.. A'1"'l'N: COaIl%I8no1 ... Starf Dept.

18 COJIlIZIlln.1ant, U.S. ArJll¥ .'r.:;ored 3chool, Ft.. KIlO.l, Xy.
19 CO::.oIlJ14&nt, U.S. Arr:.y Artillery fL.'1r\ Mi..ll. Sohool,

:P't. 8111, OU... AT1'N: COmbllt Development Dapartment
?O COIIIIIIA1'ldant, U.S. Araay Aviatlon Sohool, Ft. Rucker, Ala.
n COGIUJ\dant, U.S. Arrq Infantry SchL'Ol, Ft. Benning,

Oa. A'rm: C.D.S.

22 COl:~:~~:n~~~~~" Chami«l Corp. Training Com•• , Ft.

23 COl:lm!U",ding Officer, U.D. Art:lj' ii:enearcn l)'lb., lot. Knox, Ky.
;'4 COlllmAndtnR General, u.n. Army Chemical CUJ1lS, Hsvellrch

I\ud J)ovIJ101(llont COltH]., \ll\vhlnKlol~ ,'), D.C.
;'') COmmNldlnp, Officer, eructc"l \larfnN lAb., Army

Chemical Cc.!ttor, Md. A~: Tech. l.tbrttF,i
COTl':lTl1\ndIIlJl'. Offlcor, nl11r.lO!lli Or.}. lo'uzo Lnhll., \lnllhJllJ(lon

;>? n.r. Ai'TN: Clllol', llnc}(~rlr Vulncl'ubll Ity Hr. V-iO)

C'_~;~~:~:~,G~::~~'II~;1~~;u;'~~~::r~~~'~J~~:~r~~::~flfl,Md. AT11i:

Cnmr'l"ndln.,; GOIiO)'lll, II.~;. Aro::-c,y Cll',l, Mtnnflo C,':r.nlln<l,
RtH1lJt'mc Arocrml, All'..

COfllllUU1dor, Army R')CKot ;"'Iud Gulcled Min:!! 10 Av,('lIcy, fh'd­
otone ArBor,.,l, 1.11l. A'jvI1l: Teeh Ubrn.l"y

ConnnlULdlnp: Gellor/II, "lhtto :;UII'.l11 MlliHllo Itlll~~O, II. I,~('x,

A'rff/: (IHIJ1l;,-{IM-TI,
CU"l=~nder, Army B'~llt:J'lc M~!lH!lu ARHI'C.¥, NoJ·j!!!,.,!!!..'

Aruollfl.l, Aln. AT'I'N: oHPAB-Jrl'
C~"!,,ll"I~ r.f>nf>r,,) > (\I·'l"nfl~" Ammllllll.l"11 !:"r.'fi):\,;;l ••J,-'lie!,

IlL
CommRlldlnp,: Offlcor, tJ:lA lHp,llUl HkD 1.llburnturJ, Ft.

Monmouth, N.J.

CO~~I1~~::~11~~:::r~:.i 7.~. ~';'f~ :1I'~,o~ :;~c:. ~~1;111~I'n 'v 1UP. Gn,un(l,

COIMLillldlnK GOllornl, U:jA C"lJIbfll. Uurvol11unco AWlllCY,
lJr"'4 H. IItp;hlllIl'l f-t., Arlhlp:,ton, Vo.

Cor.-!l::mndlnp; Offlcor, U'JA, SIY-IIIIl RMJ J",borntm)', "'t.
MOTUll'Jutll, N.J. A'frN: 'j'l'ch. D.;-c. Ctr., t:vllnn Area

Dlroctor, Oporn!.II-I1V Rononrch OffIC(~, JI,Imo lIl'l'kllHl
Unlvf~roits, ('93)0 ArJlllp;t('1l WI •• HOtiWIlII'l 14, Md.

NAn ACL-:VlTiE:J

cn1~'N(:fO~~~~~~;Optlrntl('Il[l, D/N, \lllllhtl~t.(lil ,"J, H.C.
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104

10')-106

lO'l

lOB

lOI~-lll

112-113

114-11Q

119-1,B

130-]{O

CO!l1IIl,m.:hllt. 5r!JI,<,l pr AvL\! il'lI y,·,II.('illl'!, il~iJ\}' :W\'(",}',I'>"
¥'t!',!i(";,i C"!lfl'l' (ATC)I 'il'·"'k~1 ,iF'l, T~:\.

ATT'N: ~(il. G. I.. l1{>l,lll\l~

C0t=8nder, Wrl~ht All' J)uVU1'I)U6n l Ct1lit',l', 'tll'lt(ht-r'atttlr&{,1\
AFB. Dt\yton, Ohio. AlTN: WCAcr (For \/COBl)

Director. USAi" ('r,'clue '. RAIm, VIA: USA!" J.t.dunn (:rl"lc@,
The P.Ahv (\\1'11., l-i'{n) J':.dn SI.) 3<'In;', ~i"I;~';;"\, C'.i11f.

C(lGWlind~r, All' Dtlfelll'u ~lYIlI(,Mn IlIt6.,;rnlh\l\ III v ' , I., G.
lIaJlS('(l~\ M11, 110.' 11,,\',1., lo''\';". "i ,'l.: ." '1:-:;

Chlf1f. Ballistic Hloulle tAr.ty \.1ilrlltn~ }>1'\).10-:1. O!'flce,
L. G. H!Ul8COlll AF'tl, 11oJt'('I"!" !-lnutJ • .\'1"111: eol. l.oo V.

Sid llHur J lISAF
Coamandt'T, Rome Air DevelOI>l!l8nt C.ntel', A1U£, GrUf1811

MD, N.T. A'I"I'K: DocUDWLnta Llbl"tlry, R~:S3L-l

Coamander, All' TitchnlcIll h.l6111tl;OIlCU Centor, VSAF,
Wright~I'att6rIHJII AFR, Ohio. ;\1'l"N: A}'C IN-!:.lHn I Library

Beadq,uRrt.ere., lnt HllIlItle Div., tr,;,u' , 1,'m,Joll\)or" ArB,
C",lif, ATTN: ("Pol'nt 1,,1It1 All'tlynto ()t'fl(~o

(~H}:H DKPAR'IMENT N' lJIo:n:;'.3Io: "C'i'lVITl~l

Dire.,;tor or Defflnaa Reueal'ell and. EnKlneorinR, .n"hi ..t\L'~ :':1,
D.C. AT1'N: Tech. Li~rl\ry

Director, \o18!\f"lIlR !lYf\l~S Ey"1ul\tlon Group, Ro,'m U:880,
Th'" Pentait~.:\, \lauhlnK\-or. ~l'), D.C.

Cbier, Derenee Atomic (lupport ,,"eney, Wallhington ;>5, D.C.
A'lTN: D.>cument Library

COIllll&uder, Fi61d COlICund, DJI.BA, Sandia Beteo J AlbuquerQt.1e,
N. Mex.

Coanandei" I F1el~ Coattand, VASA, Bts.ndia Baee, Albuquerque,
N. Hex. AT'!~Nl F'CTO

CO»'.lll.auder, Fie!·! C(!~d. DASA, Sand.h, Bue, A1\..uq,uerque,
H. Nex. A'l'"rN: :fCW!

(".o~r .. :ln-Ch1er, 8tre.'~ogic Air CODlllllUl.d., Ottutt A}1),

n.b. ATTN: OAI.to
U.B. DoOUMut. Officer, Orrice ot ~ha: United Stat..

lMtioccU Military Rel1uunt.tlve - 6HA.PX, AI'G 55,
Xev York , N.T.

ATCMIC IaaJY CCHKl8SION ACTIVITIES

U.S. Atomle Jo.'n~rgy Coc=,..l(m, Tel;lhnical Librtlry, W't"'~ing­

ton 2', D.C. Am... : For IJolA
1.0. A1uo& Scientific lAboratory, Report Library, ".0.

Box 1663, 1.011 Alamoil, N. Mex. A'fTN: nebn Re4.u.n
Sandi. Corporatlon, Cl&Dslf1ed Doc~ent Dhi9-ion. Bandia

naae , Albuquerque, N. Mex. AT'rn: II. J. 5IIlyth, Jr.
Un1v6rLlity of California lJlvrenco Radiation LAbl)rato't)'.

P.O. Box 808. Livermore, CarJ.if. A'!TN: Clvyh G. Craig
Dlvinlon ,'f Tec~H;tclti IllfuIT.:t\l l"ll E1~f!Ii!}J"Il, (lli.k iHdp.o,

Tenn. (M,,-ote;-)
Dlvlnh'll .,1' Ted.nlenl 11\1'·'1"!",·1~ 1'1, }:xl(l'lfll.,n. (\'Ik Rld,,:tJ,

Tonn, (Gu'l'l'w)

A1JDlTTn::,I,I. J)1f;THlH!rTTI'~1

C":~~'::llI:JlJr, AF ll'dlllli.1c MI"ldJ<' lllv., Ill./.. ;\K1(~, AF Hl;!l
I\.jjt rirrleu, 1"1, AI'P.olul\ 11'" CIlIll'. A'i"l1i: I.')(~~(I'

I"

1'/'

"r',

li(

WI

IfI·

186

I'"

~''''.,: ·\11' II<'V"I'''··I,r.1 ee,.!,·,·, .\HTe. (;1"1''';;:;

;\;'·i~. i, . ,'H: ]\ .C',': .'·II~.C !, \ 1,z·'Il·." l:f;;;:;:J'
.',,!I' :.::.·!l.~l(,i (\' "lll,i, ..... :·:r.j"-]"I~ '{,I': '1: ,\Hl,

,H.~ , ~"~~~:;W

('hI,,!". ;i~II"'a\i ,.!. ('}',hl'tIlCO, \1/11, ',,·,,;l,IIW,',.:, . '), J).C.

,\"i'I,':: ;:1'
]l1 !".!e1 '>1', llo,''"''Il;'·C' (":'~~:\jli!C"! !"llli Al~<)IlCY, :':'~,;"Iq"":' '.

11,('.

,,,']"]':';: ;:]. '.11

j'!l'cc1.'1·, A,I"lI';I:"'\ HO:~!"II'('h l'r'.le~:l;, '\1:('''(;/, .\':·l!l:
~'~I·. ,\I~'II' \';m ,:\'C:'J, I.e C"L H'y ~"'d,1.ln', Il,'. e. ~!.

r .k
eLl!,:' ,.1' !f"::\'lll"ck 'In,j !)evu"'l':~,,,n',, 11CI". ,,:' It.e /,1':':;;,

"hit.lltf.~'II, H.e. A'!']1I: I.'. C",]. H. 1•. C,,:,'lr'i,

I'L\!:~~~ '. ,1/. l;~~~.~;~rHc-J,c'lrcL, DIll, 'J;':d;I;;i-':t· .:, ;.~), ll.~.
Arr:i: llr. ,.....J. ·j't,.tltlr

O,\H, HL1}~. 1'-D, ....:t;lU li}·.t' 'I' ' l • H,C. ""!J1L ~'!;'J. 1-:,
"~'I:'/' ,)<

('"",~"tl,,I!lI!' ('ffleor, D!··.... 'r"j ('r,I,;,,:,co i\l.:<; j,<,t '1"'.­

1,1':0:" C.t,l;ec' 1('\11 Hnd Van ::c:::;, !;.",.., """I;:J,Ii,~'-

c; ~ ~~;~ "';;"11·~!~.~', .~~·;·;t::~'ii.'W~:"!"::~;'~: (';;/:/:O:!~~LJll;:~~J"I; ;""
l'.~~, Al',':l: :·11" ••J,..-:-.o;; 'l. IN,

C. ~;""tl:,i illF {\i'l'lcor, U.ll. !\.~\.y ~Jlf?;'tl. R.·,·· ...lrc}; !.!,J

l,.\-'t'l ,p",CI,1 !'FtL., :'i. !-~.r;!:.'\11'(, t•• J. ilT'f:i: ~·lr. H.

hulll.::l, Hr. 1.. Kni'~'JJ"'
C ~:"."I.,lo;, ll.~;. ~i,\ ... ,l1 (Jrcl'''lilclJ .. ,h" :.ii:llu •.hk, SIJve',

:;\"1'111": h, M,L .-\Tif1: Dr. II. 'oJ. '\r.durc;'J'
C:-::~Iul,lln~~ ,)rrlc;:!' •• wl Dlrocl·,r, U.S. !lIlvy Elcc~l''-ll!efi

},".\'., ~'tl\ DI".-,:,.) ~,.>, ':'~~lf. ,\1'i':': 1)1'. T. J. 1e~lrl

IHrncL'I', u.n. !itwnl R....~carch I/lb., :.'n:>hil;p:t,'n ;,:-., P.C.
A'1'T1L !ok. 1 rvlnv, E. fSf:e

AFCkl., L. n. JhlllOC"~ ArB , J-.lf\ll:t. Ari~l: Dr. G. ':i-",;j:I:";'\Il,

1lr. 1', l:t:l'J:"",.tul~ ~:r. E•.Levln
AFl;;,.JC, Klrtl!:LlU Arll , U. H('~.• A'i'm: Cupt. J. W":r: t;,

Lt. ('.>1. 2. GN~f1

t.lr. ,T. A. !'J6rco , 311 Crl.ll't 1111. •.• J!!\ritlru 1.'illveriJI~.)',

CN::brt<4:ll, j~6eHl.

D!roctvl', Lincoln Lnb. ~ Hnon. Innt. of !'acL1;vlogy,
}'.O. Bv:x. '(j, I.e:r.1ngtcn "13, }o'oflBD. A'm,: Hl'. J. Cl:iu­

;'..:.>1::1
Dlrect.('T, St.fmf0l\' NtHI,arch lust., f.lon10 rr.:ck , C~tllr.

ATrt:: D.·. R. leadflh:'"!Jl~d, Dr. A. Petor6011
ChIef, U.IL A~,. :Hgnt>l R,dio PrvV:\gll."..ior, A~!"cy,

Ft. M.:m1.,n.:t,n, ij.J. :-.TI1i: Mr. Fred Dick!lml
Pr. F. D. b.,noJlct , RlJl1 Te).epj-;..:.,l':.!\ LIlt-O., !'~'.U'":"'Q' Hill,

n.J.
~Ann, \:rlel·,t-l'fl.g~r/j':!l ,\~, C~h1-). A'P"r!:: 1,~. C,;.l. V.

Brjfllln
S~lldl,t C:.>rp., Gnndl:\ ;;:I:lQ, Alb·.l'lucrqao, n. l~ox. ATTli:

Dr. C. n)'0:,.lo"
]I,lolnt-: Af"tp1fUlO ell., n'j~) E. H:ir~llJn.l ....1\:0., CCft'\lc 8,

\.!llflh. A·l--::.'r:; Dr. D. 1-llc)o,~

JlU.~~"I':~ Atrcrll1:' C,'" Floro'lCC md Tt'l\lo 5tH, > Cul ...er
Cj I:.. , C'd l1'. ,\Tr;i: !.::', T. fi'!!;;lc,:'::~o

hlrcct'lr ,.j' ~!lHnI'Y A{'i'ltcnt1vn, '..'.fl. At,·~'!.c Ellert:"
C,.r~':I!ltnl"l\, Wlll,h~:-..p;t"~l, n.c. AT'fN: 1-11'. ll. H. t;;-;1 ~ I:
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TRC

Defense Special Weapons Agency
6801 Telegraph Road

Alexandria, Virginia 22310-3398

21 August 1997

MEMORANDUM FOR DEFENSE TECHNICAL INFORMATION CENTER
ATTENTION: OMI/Mr. William Bush

SUBJECT: Declassification of AD-336550 and Withdrawal of
AD-B951750

The Defense Special Weapons Agency Security Office (OPSSI)
,has reviewed and declassified the following report:

/

~336S50 (WT-1436)
Operation PLUMBBOB, Project 6.2, Measurement of the
Magnetic Component of the Electromagnetic Field Near
A Nuclear Detonation, Issuance date: May 8, 1962.

Distribution statement "A" (approved for public release)
now applies.

Since AD-336550 is now declassified and approv~f6rpubliQ
release, this office requests the extracted version( (AD-B951750,~,

WT-1436-EX) be destroyed because it i ..,S no l0(/Jger.a Plica,b~e. (\ ~&~

.J;;;i~~ "'IOOC)
'j J,,' J....~ ')rI~7 (....

.l,~ , f!, -

JARRETT
Technical Resource Center

copy furn: FC/DASIAC
KSC/Alex


